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INTRODUCTION 
Pulses, belonging to family Leguminosae (Fabacea) and sub family 
Papilionatae, coccupy a most demanding and essential place among Indian 
agricultural system because of their valuable peculiar qualities. They play 
a very vital role in overcoming the protein calories malnutrition especially 
in the developing country like India where majority of population is 
vegetarian. The pulses contain in their grains neary three times the amount 
of storage proteins found in cereals. The amino acid composition of pulse 
protein is such that a mixed diet of cereal and pulse has superior biological 
value than either of the component alone. Their long storage life, easily 
transportability and wide acceptance as part of the traditional diet make 
them an ideal source of dietary protein in many countries like South east 
Asia, China, Latin American countries, India etc. Pulses are aso important 
because they do relatively well under poor management and low soil 
fertility. They have the ability to fix the atmospheric nitrogen in the soil 
through symbiosis with rhizobia. The chief pulse crops are soybean, 
chickpea, broad bean, pigeon pea, green gram (mung), black gram (urd) 
and lentil. The pulse crops in contrast to cereal crops like wheat and barley 
have been grown on hundreds of acres under marginal conditions of 
moisture stress and low soil fertility and also suffer enormous damage 
from insects, pests and diseases. The pulses offer the most important means 
of increasing agricultural production in dry land because of their low 
requirement, which constitute about 40% of the total cropped area of our 
country. The per acre yield of protein from pulses can be greatly increased, 
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following the development and distribution of high yielding varieties of 
these crops. Moreover, to overcome the problem of protein caloric 
malnutrition, pulse production programme should be intensified 
throughout the country. 
Chickpea (Cicer arietinum L.) also known as Bengal gram is the 
most important pulse crop accounting for 78% of the world chickpea 
acreage and about 80% the world chickpea production in India. In India 
this crop ranks first among pulse crops as regards to total acreage (7.9 
million hectares) and production (5.4 million tonnes). In Hindi, Chickpea 
is also known as 'chana' or 'chunna'. It has not been met with in a wild 
state. It is best suited to areas having low to moderate rainfall and mild 
cold weather. Gram can be grown with or without irrigation therefore, 
these plants are generally cultivated in dry areas. The main producing 
areas are the upper basins of Ganges (East Punjab, U.P. and Bihar) and 
the adjacent tracts of central India and central provinces. Other important 
areas are Bombay, Rajasthan, Hyderabad, Patiala and East Punjab states 
in our country. It is cultivated only to a limited extent in south India and 
in the Gangetic plains. Among foreign countries, China, America, 
Bangladesh, South east Asia, Africa and Australia etc are the main 
producing countries. Northern India accounts for nearly 90 percent of the 
gram production. Uttar Pradesh, Himachal Pradesh, Rajasthan and Haryana 
accounting for more than 6-million hectares. 
The genus Cicer consists of nine annual and upto thirty four 
perennial species (Pundir et al, 1993, Vander Maesen 1987.) Cicer 
arietinum, an annual species, is the only Cicer species that is cultivated 
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commercially during October and November and harvested in April, taking 
a total period of nearly 6 month in the field. Chickpea (Cicer arietinum 
L.) varities show a v^ i^de range of fluctuations in their performance, when 
grown under varied agroclimatic conditions. Some genotypes perform well 
over a wide range of environments, while others require specific 
environmental conditions to express their full genetic potential. The 
maximum (30°C) and minimum (21°C) temperatures are conducive for 
chickpea growth. The Chromosome number in chickpea is 2n =16. The 
crop does not require any inter-culture as its spreading habit suppresses 
weed growth. In some areas, the plants are topped before flowering to 
encourage profuse branching and thereby increase the yield. 
Chickpea an important legume occupies unique position in world 
agriculture by virtue of its high protein content and its capacity for fixing 
atmospheric nitrogen by the activity of the bacteria Rhizobium sps in root 
nodules of this crop. Being leguminous pulse crop it helps in fixing 
atmospheric nitrotgen at a large scale. In grain legumes, a big part of 
fixed nitrogen goes into the tops and grains at the pod filling stage and 
remainder is released to the soil when roots and nodules undergo 
senescence. 
There is a natural mutant that combines purplish stem with white 
flowers. Broadly, two types of chickpea are known 
(1) Plant shoot with purplish green white and conspicuous beak over 
the micropyle (=angular seed); this type is often called desi (Indian 
vernacular) i.e. indigenous type . 
(2) Green plant shoot (no anthocyanin = NA) with white flower and 
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seeds, and beak over the micropyle is short (= owl's head shaped seed); 
this type is called kabuli (Pundir et al. 1988). The name Kabuli is believed 
to drive from the city of Kabul (Afghanistan) through which white seeded 
chickpeas were transported from middle east to India (Vander Maesen, 
1972). There is another smaller group of chickpea in which stem has NA, 
flower is light pink, and seeds are brownish white and angular. These can 
be called intermediate types of chickpeas. The desi and Kabuli types are 
the most common. The number of seeds per pod in Kabuli gram is 
generally low as compared with that of desi gram. Kabuli gram has low 
yield potential as compared with that of desi gram. Therefore, Kabuli 
gram is used in preference to ordinary gram for culinary purposes while 
desi gram is used for commercial purposes. Attempts have been made by 
scientists to combine the higher yielding capacity of desi type with the 
bold and white grain characteristics of Kabuli type by crossing or 
hybridzation between desi and Kabuli types (Howtin and Singh, 1980). 
Gram is used in various ways. 
1) It is consumed in form of dal, besan (Flour), gram ata, crushed or 
whole gram, boiled or parched. 
2) A large variety of salted or unsalted or sweet preparations are 
made from it. 
3) It is eaten raw, roasted or cooked as vegetables. 
4) Parched gram is ground into flour and used as 'sattu'. 
5) Soaked grain and husk are fed to horses and cattle as concen 
trated and a roughage, respectively. 
6) Ripe grain is also eaten variously as usal, Bhajias, chutney, puran-
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poll or in sweets - like mysore pak or as phutanas. 
7) Leaves and stalks are dried and used as fodder for cattle to build 
muscle strength. 
8) Roasted gram alone or in combination with cooked rice is com 
monly eaten in South India. 
9) Germinated seeds are recommended to cure scurvy. 
10) Malic acid and oxalic acid collected from green leaves are 
prescribed for intestinal disorders. 
11) Germinated seeds are recommended as a prophylactic against 
deficiency disease particularly scurvy. 
12) All parts of the plants are covered with glandular hairs, which 
exude an acrid liquid. The exudation contains some important 
acids - malic ac'd (94.2%), oxalic acid (5.6%), volatile acids as 
acetic acid (0.2%). This exudation is astringent and useful in 
dyspepsia, indigestion, diarrhoea, and dysentry., when given as 
a drink with water in sun stroke. 
In 1909, a Dutch botanist, Hugo de Vries coined the term 'Mutation' 
for an abnormal product of heredity. Unlike other evolutionary process 
such as selection and recombination which produce gradual changes, 
mutation is an extensively fast, rather a single stroke event, causing 
permanent genetic alteration in the individual. Thus, mutation is defined 
as sudden heritable change in the karyotype of an organism, constituting 
the raw material of species transformation.The important properties of 
mutationare recurrent, reversible and reproducible. Mutation produced by 
changes in base sequences of genes (as transition, transversion, deletion, 
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duplication and translocation), are known as "gene" or "point mutation" 
or if occurs in chromosome structure or number are termed as 
"chromosomal mutation" or changes occur in cytoplasm or extranuclear 
part then termed as "somatic mutation". 
Mutation are of two types - (1) Spontaneous (2) Induced mutation. 
Spontaneous mutation is created by natural forces and induced mutation 
is produced artificially under the guidance of man by treatment of certain 
physical or chemical agents. These physical and chemical agents are called 
mutagens. The utilization of induced mutation for crop improvement is 
known as mutation breeding. Mutation breeding technique is the best 
method to enlarge the genetically conditioned variability of a species 
considerably within a short time and when sufficient genetic variability is 
developed, induced mutations can be of value in the rectification several 
kinds of defects. Induced variability which can be most useful in breeding 
programmes is generally obtained through the use of mutagens which are 
known to react with particular bases of DNA molecule. Any agent which 
can change the base sequence, either in resting state or during subsequent 
DNA metabolism has the potential to produce a mutant or changed 
organisms. The mutant organisms are indispensable tool for the science 
of genetics. 
Physical mutagens are of 2 types 
(1) Ionising mutagens - divided into two groups 
(a) Particulate radiations - x-rays, B- rays. Fast neutron, ther 
mal neutron etc. 
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(b) Non-particulate radiation - x-rays and y-rays 
(2) Non-ionising radiation - e.g. UV. (ultraviolet radiation) 
chemical mutagens are classified into 4-groups by Auerbach 
(1976) 
(1) Alkylating agents - DES, MES, EMS, DMS, N-methyl - N- nitroso 
- N- nitroso - quanidine (MNNG), Epoxides, nitrogen mustard etc. 
(2) Acridine dyes - acriflavine, proflavine, acridine- orange etc. 
(3) Base analogues - 5 - bromouracil, 5- chlorouracil etc. 
(4) Others - nitrous acid, hydroxylamine, sodium azide (S.A.) etc. 
Among the chemical mutagens alkylating agents such as DES and 
sodium azide^igA) are the most promising, extensive and important group 
of mutagens. These compounds bear one or more reactive alkyl groups 
capable of being transferred to other molecules at positions where the 
electron density is sufficiently high. They cause alkylation of phosphate 
group of the DNA as well as the bases, the most frequent event being the 
formation of 7-alkyl quanine. DNA can be changed by alkylating agents 
in five different ways : (1) alkylation of phosphate groups of nucleic acid 
(2) hydrolysis of triester between sugar and phosphate (3) alkylation of 
bases (4) depurination. 
Among alkylating agents, the manofunctional alkylating agents are 
considered to be most promising group. Diethyl sulphate (DES) is also a 
monofunctional alkylating agent. It's molecular weight is 154.19. It's 
structural formula is (CHjCHjO)^ SOj or CHjCH^SO^. It is an electrophilic 
or on acid or an electron pair acceptor. It therefore can react with base of 
DNA. Thus, when, we use these chemicals as mutagen. They interact with 
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electron pair of bases on DNA and thus cause disturbance in DNA. Diethyl 
sulphate is higly toxic and suspected carcinogenic agent. Diethyl sulphate 
(DES) is more efficient than EMS, MES and EI is relation to lethality 
only. Jagtap and Das (1976) reported that efficiency of DES is highest at 
PH 7. 
The usefullness of any mutagen is plant breeding depends not only 
on it's mutagenic effectiveness, but also on its mutagenic efficiency which 
measures the rate of mutations in relation to the biological effects such as 
lethality or sterility. The effectiveness is the rate of mutations in relation 
to dose ignoring the Ml damage. On this basis the most effective mutagen 
are treatment is not necessarily the most efficient one? Sodium azide (SA) 
is found in crystalline form, its molecular weight is 65.02, its structural 
formula is Na N3 or NjNa. Sodium azide (SA) is a remarkably efficient 
mutagen. Sodium azide seems to be a very promising mutagen for higher 
plants.These azides are readly soluble in water and I molar stock solution 
in distilled water and can be kept in refrigerator (at 5° C) for unlimited 
periods (more than three years) without deterioration or loss in potency. 
Sodium azide is a repiratory inhibitor, an inhibitor of catalase and 
peroxidase enzymes, it is a remarkably efficient mutagen in barley (Nilan 
etal., 1973). 
AIM 
The number of mutant varieties of chickpea developed in India is 
not much and therefore, there is need for development of such varieties 
which may be of good quality and high yield and free from common 
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deseases like blight, root rot, stem rot, wilt and rust etc. Which cause a 
tremendous yield loss. Therefore, the application of technique for 
development of a promising characters even in existing good variety may 
be useful to achieve the aim. The application of chemical mutagens is a 
shortest possible way to bring about the modified form of an allele. 
Mutagenesis is one of the important ways for creating variabilities in the 
population to improve the yield and to induce disease resistance.Keeping 
in view the economic and other multipurpose importance of chickpea 
(Cicer arietinum L.) and better efficiency and effectiveness of the chemical 
mutagens like DES and S.A., The following plan of work for further 
improvement in chickpea vars. Avarodhi and Pusa - 256 has been proposed: 
1) Induction of genetic variabilities by treating the seeds with chemi 
cal mutagens. 
2) Seed germination,seedling growth and its abnormalities. 
3) Morphological characters of Ml Plants from the field experiment. 
4) Plant growth ai.d survivality in Ml generation. 
5) Isolation fo chlorophyll mutants from Ml generation. 
6) Yield evaluation of normal looking Ml and morphologically variant 
plants along with controls. 
7) Poller fertility in Ml generation with controls 
8) Meiotic studies of normal looking as well as morphologically variant 
Ml plants along with controls. 
9) Statistical studeis of Ml plants to find out Mean (X), Standard error 
(SE), Standard deviation (SD)and Coefficienct of variation (CV%) 
and their comparision with control. 
TABLE - A 
Chickpea {Cicer arietinum L.) : Area, Production and Yield-All India 
Year 
1949-50 
to 
1964-65 
1949-50 
to 
1992-93 
1967-68 
to 
1992-93 
Area 
(% per annum) 
1.64 
-0.73 
-0.82 
Produc t ion 
(% per annum) 
2.66 
-0.15 
-0.48 
v" 
Yield 
(% per annum) 
1.00 
0.59 
0.33 
Table based on the data procured from the Department of Economics and 
Statistics Govt, of India. 
(Yojana, March 1996. Vol. 4, N0.3 Page 32) 
TABLE-B 
The percentage of composition of Chickpea products. 
S.No. 
1. 
2. 
3 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Elements 
Cmde protein 
Fibre 
N-Free extract 
Ether extract 
Total ash 
Cao 
P2O5 
MgO 
NaaO 
K2O 
Seeds 
18.06 
9.83 
63.67 
4.94 
3.05 
0.35 
0.93 
0.27 
0.22 
0.72 
Seeds with pod 
18.18 
25.79 
48.18 
2.77 
9.08 
1.94 
0.56 
0.50 
0.16 
2.15 
Husk 
5.75-17.48 
27.01-48.40 
38.95-47.45 
0.91-2.51 
5.55-5.99 
~ 
— 
~ 
~ 
~ 

MATERIAL AND METHODS 
2.1 Material The following materials were used : 
2.1.1 Seeds Cicer arietinum L. var. Avarodhi and var. 
Pusa-256 
2.1.2 Mutagens Diethyl sulphate (DES) and Sodium azide 
(SA) 
The certified seeds of bengal gram or chickpea {Cicer arietinum 
L. ) var. Avarodhi and var. Pusa-256 were obtained from Quarsi Agriculture 
Farm Aligarh and Indian Agricultural Research Institute, Delhi (lARI). 
The chemicals. Diethyl sulphate (DES) and Sodium azide (SA) were 
provided by the Department of Botany, A.M.U., Aligarh. 
2.2 Methods 
2.2.1 Presoaking of the seeds 
About 600 healthy seeds of vars. Avarodhi and Pusa-256 were taken 
in two beakers separately and presoaked in distill water for a period of 
12 hours. The presoaking was done to activate the embryo. 
2.2.2 Preparat ions of stock solution 
For making 1% stock solution of Diethyl sulphate, 2.5 ml of Diethyl 
sulphate (DES) was dissolved in 250 ml of Phos phate buffer (pH-7), 
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while for making 0.1% stock solution of sodium azide, firstly 1% stock 
solution was prepared in Phosphate buffer (pH-4) and from this stock solution, 
25 ml was taken and dissolved in 225 ml of buffer solution (pH-4). 
2.2.3 Preparation of different concentrations 
The different concentrations (0.1, 0.2, 0.3, 0.4, 0.5, 0.6,0.7, 0.8, 
0.9. 1.0%) of diethyl sulphate (DES) were made from 1% stock solution 
and different concentrations (0.01, 0.02, 0.03, 0.04, 0.05,0.06 0.07, 0.08, 
0.09, 0.1%) of sodium azide (SA) were made from 0.1% stock solution 
by using the following formula: 
where, 
Sj = Strength of the stock solution 
V, = Volume of the stock solution 
S^  = Strength of the desired solution 
v., = Volume of the desired solution 
2.2.4 Seed t reatment 
The different concentrations (0.1 to 1.0%) of diethyl sulphate (DES) 
were taken in two sets of ten culture tubes separately, one set for var. 
Avarodhi and other set for var. Pusa-256 of chickpea and arranged in 
increasing order of its concentrations (i.e. 0.1 to 1.0%). With each 
concentration, 18 seeds of var. Avarodhi in one set often culture tubes 
and that of var. Pusa-256 in other set often culture tubes were treated and 
kept for 12 hours. In other 2 culture tubes, 18 seeds of both varieties were 
maintained separately as control. In the same way, 18 seeds of var. 
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Avarodhi and var. Pusa-256 were treated with the different 
concentrations (0.01 to 0.1%) of sodium azide (SA) for 12 hours. 
2.2.5 Sowing of treated seeds 
After treatment was over in different concentrations of diethyl 
sulphate as well as sodium azide, seeds were taken from the two sets of 
DES solution separately and washed thoroughly with fresh running tap 
water in order to remove the mutagen from the surface of the seeds and 
sown in pots (12 inch size) filled with manured soil and had 
appropriate moisture. These pots were kept outside in the net house in the 
natural environ ment. Similarly treated seeds of vars. Avarodhi and 
Pusa-256 with sodium azide (SA) were sown. Three replicates of each 
treatment was maintained along with control plants. 
2.2.6 Data recorded from field experiment 
2.2.6.1 Seed germination 
Seed germination was recorded daily in controls as well as diethyl 
sulphate and Sodium azide treated populations of chickpea vars. Avarodhi 
and Pusa-256 till the germination was stopped. The percentage of 
germination was determined on the basis of following formula: 
No of seed germinated 
Seed germination (%) = x 100 
Total no. of seeds sown 
2.2.6.2 Plant height 
The height of the plants was measured after 30 days of germination 
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imd then aflcv every 15 days till the plant attained the niatuiity stage. 
2.2.6.3 Days to flowering 
The days to flowering were recorded in the controls as well as in 
populations of vars. Avarodhi and Pusa-256 treated with different 
concentrations of diethyl sulphate (DES) and Sodium azide (SA). 
2.2.6.4 Days to pods formation 
The days to pod formation were recorded in controls as well as in 
each populations vars. Avarodhi and Pusa-256 treated with different 
concentrations of diethyl sulphate (DES) and Sodium azide (SA). 
2.2.6.5 Number of Branches per Plant 
Number of branches per plant was recorded in controls as well as 
in each treated population of vars. Avarodhi and Pusa-256. 
2.2.6.6 Number of pods per plant 
Number of pods per plant was recorded in controls as well as all 
treated populations of both the varieties. 
2.2.6.7 Pod length 
Lengths of pod were recorded in control as wel as in each 
populations of both the varieties treated with DES and SA 
2.2.6.8 Number of seeds per plant 
The number of seeds per plant was determined by counting all seeds 
produced on randomly selected 5 plants in controls as well as in each 
concentrations of diethyl sulphate (DES) and sodium azide (SA) treated 
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populations of chickpea var. Avarodhi and var. Pusa-256. 
2.2.6.9 Seed Weight 
100-seed weight of control as well as treated populations of vars. 
Avarodhi and Pusa-256 was taken. 
2.2.6.10 Pollen Fertility (%) 
For estimation of pollen fertility, fresh mature anthers were dusted 
on a slide containing a drop of 1% aceto-carmine and then observed under 
microscope. The pollen grains, which took the stain and had regular outline 
were considered as fertile, while those without stain and having irregular 
shape were considered as sterile. 
2.2.7 Cytological Observations 
2.2.7.1 Meiosis 
For meiotic studies, flower buds of proper size from the controls as 
well as selected plants from each populations treated with diethyl sulphate 
and sodium azide were plucked during 8:00 AM to 9:30 A.M. and fixed 
in the Carnoy's fluid (6:3:1) for half an hour and then transferred to 
Propionic alcohol (1:3) where Propionic acid was saturated with Ferric 
asetate for 24- hours and then buds were washed with 70% alcohol and 
stored in 70% alcohol. The anther were squashed in a drop of 2% of 
propiano carmin and slides with well spread preparation were made 
permanent in canada balsam through butyl alcohol series. The slides were 
studied and various types of meiotic abnormalities were recorded. 
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2.2.7.2 Meiotic abnormalities 
The number of pollen mother cells showing different types of 
chromosomal abnormalities were recorded separately from each 
populations treated with different concentrations of DES and SA and 
percentage of various types of meiotic abnormalities in each treatment 
calculated by following formula ; 
Frequency (%) of particular type of abnormalities 
Total number of cells showing particular abnormality 
X 100 
Total number of cells observed 
2.2.8 Statistical analysis 
Observations recorded from populations treated with different 
concentrations of DES (0.1 to 1.0%) and SA (0.01 to 0.1%) along with 
that of control were subjected to statistical analysis to find out the extent 
of variations induced by mutagens diethyl sulphate as well as sodium azide. 
2.2.8.1 Mean 
The mean is a measurement of data unit, most frequently used to 
describe a frequency distribution of the same types of averages. Arithmetic 
mean or average is calculated by summing all the observations and dividing 
the sum by number of observations taken. It is designated by X. 
_ X + X +X3 +Xn 
Mean (X) = 
n 
( X ) = — 
^ ^ n 
where, 
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X,, X„ X, X = individual observations 
1' 2 ' 3 n 
E X = X, + X^ + X3 + "'' ^n ~ Sum of all individual readings. 
n = Number of total observations 
X = Mean of all observations. 
2.2.8.2 Standard deviation (S.D.) 
It is the measure of variability of dispersion, which is the positive 
square root of the deviation of all individual observations from their 
arithmetic mean, or in other word, the square of the standered devation of 
individual observation from their arithmetic mean. It is calculated by using 
the following formula. 
^j (x^-xy + (x,-'x)2 + (x^-x)^ + (x^-X'')^ 
SD ( a ) = 
n 
where, 
Xj , Xj, X3 Xn = Individual observations. 
X = Arithmetical mean 
n = Total no. of observations. 
2.2.8.3 Standard Error of the Mean (S.£.) 
It is defined as the rate of standard deviation to the square root of 
total number of observations expressed by the following formula : 
SD 
S.E. = 
where, 
SD = Standard deviation of Individual Observations. 
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n = total no. of observations. 
2.2.8.4 Coefficient of variation (CV%) 
It measures the relative magnitude of variations present in 
observation and is related to the magnitude of their arithmetic mean. 
It is defined as the ratio of standard deviation to arithmetic mean 
expressed in the percentage. It can be calculated by the following formula : 
CV (%) = SD_x 100 
X 
SD = Standard deviation 
X = Mean 
1 7 
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O R I G I N , CULTIVATION A N D T A X O N O M I C 
C H A R A C T E R S OF C I C E R ARIETINUM L . 
3.1 Origin 
Vavilov (1951) reported that India and the middle east form the 
primary centres of origin of most of the important legumes including 
chickpea. The Indian or more exactly the Hindustan centre of origin of 
cultivated plants included (l)Burma and Assam and excluded North-West 
India- Punjab and the North -West Frontier provinces, (2) The Central 
Asiatic Centre, including North -West India (Punjab, North - West frontier 
provinces, Kashmir), Afghanistan, the Soviet Republics of Tajikistan and 
Uzbekistan and Western Tian-Shan, (3) The near - eastern centre of origin 
and (4) The Abyssian centre of origin comprising Abyssinia, Somaliland, 
Ethiopia (including the hill country of Eritera). It is considered to have 
originated in the tract lying between Caucasus and the Himalayas, whence 
it has spread into Southern Europe, Persia, Egypt and India. It has also 
been introduced into parts of central and southern America , Australia 
and parts of Africa. 
3.2 Climate 
Gram is generally grown as dry crop in the rabi season. Sometimes, 
it is also grown as regularly or partially irrigated crop. It is best suited to 
areas having low to moderate rainfall and a mild cold weather. Excessive 
rain soon after sowing or at flowering stage does great harm. Severe cold 
is injurious and very harmful. Hailstorms at ripening cause much damage. 
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An early hot summer shortens the growing period, hastens maturity and 
reduces yield. 
3.3 Cultivation 
Gram as the sole crop of the year is rotated with jowar, bajra, wheat, 
coriander and occasionally rice. When taken as a second crop in the same 
year, it follows an early crop of seasame, fodder, jowar, maize, guar, kar, 
ragi or coriander. Irrigated gram in the south is rotated with garden crops, 
such as onion and sweet potatoes or with irrigated wheat, jowar or rice. 
Gram has great value in multiple cropping systems because of their 
deep root systems when raised in multiple crop sequences, it does not 
competes for nutrients and water with shallow rooted cereal crops. More 
over, they are more drought resistant than cereals and therefore, they are 
commonly grown in drylands. Multiple cropping is also said to check 
gram blight to some extent. Multiple cropping systems involve relay 
cropping, inter croping and mixed cropping. In north India, the crop is 
grown on light alluvial soils, which are rather poor for wheat. Kabuli 
gram, however, requires better soil. In Deccan and southern India, gram 
is cultivated on water - retentive clay loams and black cotton soils. The 
soil is not compacted but is left somewhat cloddy. The crop is rarely 
manured, but the application of phosphatic fertilizers has been shown to 
increase the grain yield. 
3.4 Diseases and pests 
Gram blight caused by Mycosphaerella rabici is the most serious 
disease of gram, particularly in Punjab. The disease is seed borne and 
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first symptom is the appearance of brown or dark spots on the leaves, 
stems and pods. The use of disease free seeds and thorough cleaning or 
burning of all debris of the diseased crop have been recommended as 
control measures. Mixed cropping with wheat or barley checks the spread 
of the disease. Rust, caused by Uromyces, Ciceris arietini is common in 
the humid areas of Bengal, Bihar and Bombay. Gram is also subjected to 
wilt caused by the fungi Rhizoctonia bataticola, Butler and Fusarium 
orthoceras. Affected plants dry up at the flowering stage or a little later. 
Wilt resistant strains have been evolved for propagation in different areas. 
Heliothis obsoleta (gram caterpillar) a common pest affecting gram. The 
organism feeds on leaves and pods causing considerable damage to the 
crop. 
3.5 Varieties 
The varieties differ in colour of grain from white to yellow, brownish 
red and black. The bulk of the crop is grown from unselected seeds. The 
following improved varieties are recommended for different tracts and 
conditions : 'G 130' (Ludhiana), 'C235' (Ludhiana) 'h208' (Hissar), 
'H355' (Hissar), 'T3 ' (Kanpaur), 'NP58's (lARI), 'RSIO' (Jaipur), 'RSIT 
(Jaipur), 'Chaffa' (Raichur), 'Avarodhi (Lucknow), 'Pusa-256' (lARI), ' 
L550', Kabuli (Ludhiana), 'CI04 ' (Ludhiana) 'K4' , Kabuli (Kanpur), 
'K5 ' , Kabuli (Kanpur) etc. 
The seed is sown in the middle of October upto the beginning of 
November.The major constraints to the chickpea cultivation is to face 
the high temperature and terminal drought in the dry zone. The date of 
20 
O R I G I N . CULTIVATION 8C TAXONOMIC CHARACTERS OF C I C E R ARIETINUM L . 
sowing trials suggest that sowing between late November and Early 
December is likely to be the most suitable for chickpea growth. In case 
of row crop, the rows are about 20-30 cm apart. Sowing 7-10 cm. deep is 
better than shallow planting, as deep sowing reduces the incidence of 
wilt. The seed - weight varies, depending on the seed size, from 55-100 
kg. per hactare. The crop is rarely weeded or intercultivated, as it is thought 
that this crop suppresses weed growth. However, weed control during the 
first 4-6 weeks , ei ther mechan ica l ly or with weed ic ides (appl ied 
immediately after sowing) has been found to result in a higher yield. The 
control of pod-borer (Heliothis sp) is important; spraying Endosulfan 
(0.07%) once or twice at the fruiting stage is effective. The regularly 
irrigated crop in the Deccan receives only three or fours waterings in the 
whole season. In the case of luxuriant plant growth, tips are nipped to 
encourage branching and flowering, thereby increasing yield. The crop 
responds to irrigation, particularly around 45 days after sowing and at 
the early pod-filling stage (around 110 days after sowing). When winter 
rains fall or frost occurs one or two irrigations are very beneficial. 
The principal areas of cultivation in U.P. are the Bundelkhand region 
and the tracts enclosed between the Jamuna and the Ganges (from Merrut 
to Allahabad). In East Punjab, the south western districts of Ferozepore 
and Hissar constitute the main centres of gram cultivation. In Bihar, the 
districts of Shahabad, Patna, Gaya and Monghyr are the important tracts. 
In central provinces, gram cultivation is concentrated in the districts of 
Hoshangabad, Jubbul-pore, Chidwara, Saugar, Betul and Mandla. In 
Bombay, gram cultivation is mainly confined to parts of Deccan, Karnatak 
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and Gujerat. 
Gram can be grown with or without irrigation. The irrigated area 
under gram represents about 16%. Irrigation is usual in Agra, Allahabad 
and Jhansi divisions (U.P.), Ferozepore district (East Punjab) and Patna 
division (Bihar). In parts of Bombay, gram is generally irrigated either as 
a main or catch crop in sugarcane field. 
3.6 Taxonomic Characters of Cicer arietinum L. 
Habit Annual herb, one to two feet high, cultivated for its seeds 
which are used as pulses and forage. 
Root Tap root, fairly stout, deeply penetrating the soil and carries 
many laterals on the upper part. The roots posses nodules 
containing nitrogen fixing bacteria (Rizobium 
leguminosarum). 
Stem Erect, much branched viscous hairy, terete herbaceous, green, 
solid. 
Leaves Petiolate, compound, bipinnate, stipulate, (with large ovate 
strongly serrate stipules); rachis one to two inches long with 
small toothed strongly nerved leaflets; leaflets are 9 to 16 in number 
and each about half an inch long, opposite or alternate with terminal 
leaflet, oblong or obovate in outline. 
Inflorescence Solitary axillary, cymose. 
Flower Small, pedicellate (long pedicels in the leaf axils),white or 
pinkish in colour, zygomorphic irregular, hermophrodite, peri 
gynous, complete, papilionaceous. 
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Calyx 5 sepals, gamosepalous, calyx - tube oblique, teeth sub- equal 
lonceolate, sepaloid. 
Corolla petals, polypetalous, standards broad, clowed, wings free, 
petals of keel united. 
Androecium (9) + 1 stamens, diadelphous; anthers bi-celled bursting 
longitudinally. 
Gynoecium Carpel one (monocarpellary), ovary superior, sessile, 
2 or more ovuled, unilocuclar, marginal placentation, style 
incurved or reflexed, glabrous, stigma capitate. 
Fruit Pod sessile, oblong,turgid, hairy, pointed, about three fourth 
an inch long. 
Seed Obovate or subglobose, reddish brown, beaked, hilum is 
visible. 
Floral formula % ^  K (5), Cl +2+ (2), A (9) +1, Gl 
S y s t e m a t i c Pos i t ion : Classification oiCicer arietinum L. According 
to Bentham and Hooker's (1862-1883) system. 
Kingdom 
Division 
Class 
Series 
Order 
Family 
Sub - Family 
Genus 
Species 
Variety 
Plantae 
Dicotyledonae 
Polypetalae 
Calyci florae 
Rosales 
Leguminosae (Fabaceae) 
Papilionatae 
Cicer 
arietinum 
Avarodhi or Pusa 256 
2 3 

REVIEW OF LITERATURE 
The idea of inducing mutations and utilizing them for improving 
cultivated plants is more than eighty years old. Mutation is a very valuable 
approach for improving the plant characters by bringing changes in the 
basic genotype. 
At present, because of great economic, nutritional, agricultural 
and medicinal importance, the genus Cicer has attracted attention of many 
cytogeneticists and plant breaders mainly in the direction of evolving new 
types characterized by determinate growth habit, able to pod through cool 
season, higher yields, better quality, early maturity and resistant to foliar 
diseases, etc. 
A review of the important literature on the various aspects of 
chickpea {Cicer arietinum L.) is given below: -
4.1 Morphology and Genetics 
Singh and Shyam (1959) studied the morphology and genetics of 
two new mutants in Cicer arietinum L. viz. bunchy and tiny leaved-2. 
The normal and bunchy mutants have been tentatively given the genie 
symbols, 'Bu' and 'bu' respectively and they found that bunchy mutant 
character was unstable and exhibited a tendency to revert back to the 
normal and noted that both the mutants, viz. Bunchy and tiny-leaved-2 
were simple recessive to the normal type. The cross between the bunchy 
and tiny-leaved mutant-2 gave a dihybrid segregation. The normal type 
was produced as a result of interaction between two dominant genes of 
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the mutant parents eind the new type designated as bunchy-tiny leaved 
was the result of the double homozygons recessive genotype bubu tiv tiv. 
Pathak and Sahai (1964) found ten new mutants, affecting leaflet 
number, shape and size, foliage colour, seed fertility and pod shape and 
size in Cicer arietinum and noted the mutants with double flowers and 
inflated pods with narrow leaves with dirty green foliage and with spatulate 
leaflets were monogenically recessive to the corresponding normal 
condition. 
Athwal and Brar (1970) studied the inheritance of flower colour 
and its relationship with mutant loci in Cicer. They reported that pink and 
white flower colours in Cicer were differentiated by a single factor pair 
which was designated as P. This factor pair was inherited independently 
from seven other factor pairs controlling the expression of tiny leaf, stalked 
leaflet, bushy, double flower, giant, simple leaf and flat stem mutants. 
However, Pp locus showed a close linkage with the locus responsible for 
the round pod mutant (Rprp), the cross over frequency between the two 
loci being 2.6 percent. 
Mathur (1998) studied the inheritance of light dependent purple 
(LDP) pigmentation in the marked crosses of chickpea. The simple leaf, 
non-LPP line ICC-10301 and imparipinnate leaf, green line ICC-32 were 
crossed by LDP pigmented, imparipinnate leaf plants. The Fl produced 
only LDP pigmented, imperippinnate leaf plants in the two crosses. The 
F2 segregated in two categories of LDP vs non LDP pigmented plants in 
a ratio of 9:7, suggesting complimentary interaction of two genes. The 
simple leaf segregation was found to be 1:3 with regard to imparipinnate 
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leaf which is dominant. 
4.2 Germination 
Athwal (1963) studied the effect of different doses of x-rays on the 
germination of gram and showed that doses of 3000r and 4500r were 
partially lethal when germinated seeds were treated but their effect on the 
soaked seeds was less pronounced, in both soaked and germinated seeds, 
the percentage of total germination decreased and the number of days 
taken to germinate increased with higher doses of irradiation. In general, 
the deleterious effect of irradiation compared to variety of smaller seeds. 
In the Xj generation several kinds of mutations were observed, but the 
most frequent were those affecting chlorophyll development . The other 
mutations observed, in irradiated material were designated as flat stemmed, 
simple leaved, bushy, narrow leaved, small leaved, bold and steriles. The 
treatment of germinated seeds with 300r appeared to be most effective in 
inducing mutation in gram. It was interesting to note that some of the 
radiation, induced mutation occurred in nature also. 
4.3 Hybridization, Genetic relationship and selection 
Ramanujan et al. (1964) studied the nine crosses involving seven 
varieties of gram and found that two of them (C.49 x Pb.7 and C.49 x E.B.) 
had given significantly greater gram yields than the best parent induced in 
the study (i.e.Pb. 7). A comparison of the parental and Fl performance in 
respect of the components of grain suggested that the observed heterosis 
was due to the combination of favourable expression present in the two 
parents. 
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Athwal and Sandh (1967) studied the inheritance of seed size and 
seed number per pod in two crosses of gram involving parents with wide 
differences. Small seed size was partially dominant over bold and the 
character appeared to be dependent on several factors. It was estimated 
that 15 effective factors were operating in one cross and 12 effective factors 
in the other. The F3 breeding behavior supported this estimate. There was 
evidence of genie interaction in the inheritance of seed size. As regards 
number of seeds per pod, low number was partially dominant and in both 
crosses genie interaction and strong linkage was detected. There was a 
low phenotypic correlation between seed size and yield, but the fixable 
genetic correlation was considerably higher. Seed size and seed number 
per pod were negatively correlated. It was concluded that it should be 
possible to combine bold seed size with high yield, but selection for higher 
seed number would disfavor such combination. 
Brar and athwal (1970) studied 28 cross combination in chickpea 
viz.; Bushy x GGb, Double flower x GGB, simple leaf x GGB, GII8 x 
GGB, Round pod x GGB, Pb7 x Poona black, Pb7 x Isthenia S2, Flat 
stem X Poona black, NP45 x Poona black, G24 x Isthenia S2, Isthenia S2 
X CII8, Isthenia S2 x GGB, Tiny leaf x Poona black, simple leaf x Tehran 
12, Bushy X Tehran 12, Stalked leaflet x Tehran 12, Round Pod x Tehran 
12, Poona bkack X Tehran 12, Pb7 x 7/120, G24 x 7/120, Pb7 x flat 
stem, simple leaf X flat stem. Giant x Flat stem. Bushy x CII8, Double 
flower X CII8, CCCII8 x Flat stem, CII8 x Flat stem, Pb7 x tiny leaf. 
Giant x tiny and found that five independent loci involved in the 
production of seed color. One of the five pairs of genetic factor Pp which 
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had been previously found to differentiate pink and white flowers was 
also responsible for differentiating buff and related seed colours from 
dark seed colors, like, fawn, brown, green and gray or black. 
Gowda and Bahl (1976) studied the performance of 21 Fl hybrids 
involving seven chickpea (Cicer arietinum L.) varieties of diverse origin 
to investigate mid-parent and better parent heterosis for seed yield and 
five yield contributing characters. They had done three crosses viz.,P813 
x P 1 8 2 1 1 , p 8 1 3 1 x ICP71 and P821 x ICP71 giving significantly higher 
yield than their respective better parent. These three crosses also showed 
good hybrid vigour for number of pods per plant and good possibility of 
increasing seed yield. 
Ladizinsky and Adler (1976) studied the genetic relationships 
between 7 annual species of the genus Cicer, including the cultivated 
chickpea. These species were assigned to 3 crossability groups. In each 
group interspecific hybrids could be obtained but their fertility differed-
considerably in the various cross combinations. Crosses between members 
of different groups yielded no viable seeds. The possibility of gene transfer 
from wild species to the cultivated chickpea (C. arietinum) was also 
assessed. Only two species could be considered for this purpose, 
C.reticulatum, which is the wild progenitor of the cultivated species and 
C. echinosperm, which is in the secondary gene pool of C.arietinum. 
Girase and Deshmukh (2000) analyzed nine generations of each 
of the three crosses, viz., Vijay x ICC-4958 (CI), JG-62 x ICC-4958 (C2) 
and JG-62 x Vijay (C3) effected from three genetically diverse parents, 
and elucidated the inheritance of grain, yield and its components in 
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chickpea. They noted that both additive and non-additive gene action were 
involved in the expression of days to flowering, days to maturity, fruiting 
branches per plant and 100 seed weight. Grain yields was found to be 
predominantly under the control of dominance effect. They suggested that 
these observations could imply the use of biparental approach / interneting 
of sergeants in early segregating generations for improvement in grain 
yields. 
4.4 Allelopathic effect on nodulation behaviour of 
grainslegume crops 
Kharkwal etal. (2000) studied the allelopathic effects on nodulation 
behavior of three grain legume crops viz. Chickpea (Cicer arietinum L.), 
Lentil {Lens culinaris L.) and Pea (Pisum sativum L.)by using five diverse 
gene types having marked differences in seed size, color and other 
morphological characters. The genotypes belonging to three distinct groups 
of desi (var. ICC SI66), Kabuli (var. BGM 448) and black seeded (var. 
G40). Chickpea and one each of lentil (L. 4076) and pea (HFP4) were 
studied by raising two seeds belonging to two different genotypes at a 
single hill in all possible combinations in a four replication RBD trial 
under field conditions for three years. They reported that among the three 
grain legumes, the largest number of nodules per plant was observed in 
chickpea followed by lentil and peas in that order. Chickpea genotypes 
showed inhibitory effects of allelopathy resulting in suppression of 
nodulation. Lentil var. L.4076 also exhibited negative allelopathy effects. 
However, pea var. HFP4 showed enhanced nodulation in all the treatment 
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combinations in the all three years, thereby confirming the positive 
stimulatory effects of allelopathy in increasing nodulation on pea. 
4.5 Nuclear Organization 
Kabir and Singh (1989) studied the interphase nuclear organization 
in six species of Cicer and all the species showed chromocentric nuclear 
organization in both meristematic and differentiated cells instead of 
reticulate organization. The number of chromocentres and treatment 
duration with acid or alkali were found to be species specific character. 
They found that the nuclear organization was governed by small size of 
chromosomes and low DNA content but the relationship between 
heterochromatin values and DNA content was not clear. 
4.6 Polyploid 
Meenakshi and Subramania (1966) observed one of the seeds of a 
variety of C. arietinum with green seeds and coats and found that it had 
three SAT-chr at meta and ana-phase. It was shown to be a triploid with 
24 chromosomes. 
4.7 Karyotype, Chromosome number and Cytology 
Mercy et al. (1974) studied the cytological behaviour of three speies 
of genus Cicer,viz, C.arietinum, C.soongaricum and C. pinnatifidum. 
The chromosome number of C.arietinum and C.pinnatifidum was 
confirmed to be 2n = 16 and the reported number of 2n=14 for C. 
soongaricum could not be confirmed. The presence of one pair of satellited 
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chromosome in C. arietiniim and C.pinnatifidum was confirmed and only 
one pair of satellites chromosomes in instead of reported two pair was 
found in C.soongariciim. The average chromosome lengths of the different 
species were calculated. A significant differences in sizes of the smallest 
pair of chromosomes in C. pinnatifidum as compared to that in 
C.soongaricum and C. arietinum was found. 
Ahmad and Godward (1980) studied the seeds of three cultivars, 
CSIMF, C612 and FIO of C arietinum obtained from the Agricultural 
University, Lyallpur, Pakistan and observed that in FIO, the knob-like 
satellites had the tendency to stick together at mitotic anaphase, forming 
bridges. However, these bridges were not permanent and were retracted 
into two daughter groups at late anaphase leaving no fragment behind. 
No apparent morphological differences in the mitotic chromosomes of 
three variety were seen. However, there were detectable slight difference 
between the varieties in the lengths of chromosomes, their arm ratios, and 
total chromosome length. All chromosomes had median or submedian 
centromeres. The nucleolar-organising chromosomes had a long 
subterminal nucleolar-organising region and prominent satellites and in 
meiosis all varieties showed very different diplotene and diakinetic stages 
and again as in mitosis the variety FIO is characterized by bridges at 
anaphase-I . No such bridges were observed in other two varieties. 
Sharma and Gupta (1982) studied the Karyotypes in some pulse 
crops namely Pisum sativum L., Lens culinaris Med, Cicer arietinum 
L., Cajanus cajan (L.) Millsp, Vigna radiata L. Hepper, and observed 
that mean individual chromosome lengths were 4.86^1, 5.42^,2.ISji, 
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2.36ji. 1.78p, and 1.70(j, respectively. In most, the longest chromosome 
was always less than twice the length of smallest. Ann ratio never exceeded 
2.00 except in two cliromosome each in Pisum and Lens. No satellited 
chromosome could be observed except one chromosome each in Lens 
eulinaris and Cicer arietinum. These results would be helpful in planning 
further cytogenetical and breeding programmes in these crops. 
Kutarekar and Wanjari (1983) studied the karyomorphological 
behaviour in some of the varieties of Bengal gram ( Cicer arietinum L;). 
They observed that the chromosome number in all the varieties of Cicer 
arietinum was 2n=16 and reported that the individual chromosome length 
in different variety ranged from 2.00)^ to 6.52fx. Total chromatin length 
of an haploid complement of the varities ranged from 25.54ji 35.66^i. 
The average chromatin length per chromosomes in the vareties under study 
was worked out to be in the range of 3.19jj. to 4.46jj. with overall general 
average of 3.77)ii per chromosome. Maximum chromatin length was in 
var. RS-11 and shortest chromatin length was in var.NP53. 
Mukherji and Sharma (1987) studied of karyotypic structure and 
behaviour of chromosomes in 12 strains of Cicer arietinum L. showing 
gross morphological hemogenicity. Somatic chromosome 2n-16 was 
contrast for all the strains. They noted that the chromosomes were small 
to medium in size with median to submedian primary constrictions. 
Secondary constrictions were present in one to three pairs of chromosomes. 
Supernumerary constriction had been located in a pair of chromosomes in 
a single strain. The characteristic feature in the karyotype of all the strains 
was the presence of marker chromosomes which were comparatively longer 
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and always with secondary constrictions. Uniformity was noted so far as 
the chromosome length and volume were concerned, though their range 
was quite wide. These characters of the chromosomes morphology might 
be utilised as criteria for identifying different strains. 
Ahmad (1989) studied the chromosomal architecture of Cicer 
anatalicum Ale/., a wild perennial relative of chickpea to assist in 
determining phylogenetic relationships within the genus Cicer. They 
confirmed that the diploid chromosome number was 2n=16 and observed 
that mean haploid chromosomecomplement length and mean chromosome 
length were 18.88 and 2.36 micro meter, respectively. The karyotype was 
asymmetrical and characterized by one metacentric, six submetacentric 
and one acrocentric chromosome pair. 
The Ocampo er. al. (1992) studied the karyotype analusis of eight 
annual Cicer species, viz., C. arietinum, C. bijugum, C. cuneatum, C. 
echinospermum, C. judaicum, C. pinnatifidum, C reticulatum and C. 
yamashitae using the new computarized image analysis system. They 
utilised the karyomorphological parameters (chromosome length and arm 
ratio) for computing the karyotypic symmetry of each species with two 
classification methods. 
Pundir et al. (1993) described the morphology and cytology oi Cicer 
canariense, a wild relative of chickpea. Santos, Guerra and Lewis, this 
taxon has been found to have chromosome number of 2n=16 and not 2n=24 
as reported earlier, by Iyengar (1939). Cicer canariense flowered and 
produced seeds. The species green vigorously and had multi-podded 
peduncles and multi-seeded pods. Such traits of Cicer canariense may be 
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very useful in the genetic improverment of chickpeas. 
Tayyar et al. (1994) analysed the somatic karyotypes of nine annual 
species of Cicer (2n=16) using c-banding and they observed the highly 
significant differences in haploid genome length and c-band positive 
heterochromatin content. They found that the haploid genome length 
ranged from 20.0 ^m in the wild species C.judaicum to 28.7 jxm in the 
cultivated species C.arietinum, C. chorassanicum. and significant 
diference for this character was observed between accessions within several 
species. They divided the species into two groups based on their 
heterochromatin content (1) Low heterochromatin content (average of 
41.7%), which included C ahetinum, C. chorassanium, C. chorassanium, 
C. echinospermum, C. pinnatifidum, C. reticulatum and C. yamashitae 
and (2) High heterochromatin content (average of 59.5%), which included 
C. bijugum and C. cuneatun. There seemed to be a trend for reduction in 
C-heterochromatin content in the course of evolution in Cicer. 
Galasso et al. (1999) examined the karyotype of three accessions, 
one each from three annual species of the genus Cicer namely C arietinum, 
C. reticulatum and C, echinospermum and compared using c-banding, 
the flurochromes chromomycin A3, DAPI and Hoechst 33258 in situ 
hibridizati on for 18s-58s-25s and 5sr RNA sequences and silver staining. 
The nuclear DNA content of the three species and the amount of 
hetrochromatin were also determined. The results suggested on 
evolutionary pathway in which C, reticulatum in the ancestral species from 
which both C, arietinum and C. echinospermum were derived with the 
loss of one pair of satellites, subsequently, C, echinospermum further 
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differentiated by the accumulation of chromosomal rearrangement (s) that 
gave rise to a hybrid sterility barrier. 
Ohri (1999) analysed the karyotype of C. soongaricum showing 
a closer similarity with those of C. reticulatum, C. echinospermum and 
C. arietinum, as compared with other annual or perennial species studied 
and found that the 2C DNA amount of C. soongaricum was 20.5% less 
than that of C. arietinum. He concluded through above result that the 
cultivated chickpea had the largest genome size of all the annual and 
perennial species studied so far. 
4.8 Meiotic behavior of chromosomes 
Ahmad (1993) studied the meiotic behaviour of chromosomes in 
two cultivars of Cicer arietinum L. i.e., CSIMF and FIO irradiated with 
20, 30, 60, 75, 110 and 150 kr gamma rays. He carried out meiotic studies 
in control as well as in irradiated materials and observed the meiotic 
abnormalities and found that in general, the meiotic abnor, alitied increased 
with the increase of radiation dose in both cultivars. However, cultivar 
FIO showed more chromosomal abnormalities as compared to cultivar 
CSIMF at the same dose. 
4.9 Protein quality traits 
Bala et al. (1994) studied the variation and association analysis 
among protein quality traits in chickpea. This study revealed sufficient 
variation among genotypes for protein content, methionine and tryptophan 
content along with various protein fractions. They found that protein 
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globulin was the major protein fraction. Methionine and tryptophan 
contents were independent of each other. Albumin protein fractions were 
positively associated with methionine and tryptophan amino acids. Various 
protein fractions were positively associated with protein content but had 
no association among themselves. Thus, they suggested that the 
improvement for nutritional quality of protein content in chickpea would 
have been effective and economical, if selection was carried out for 
albumin content alone rather than individual amino acids. 
4. 10 Phylogenetic aspects of storage seed protein 
Kharkwal (1999) analyzed the phylogenetic aspects of storage seed 
protein by polyacry lamide gel electrophoresis and found that both the 
desi and Kabul types were the varieties of the same species Cicer arietinum 
L. and corroborated the earlier findings that there was no evidence to 
classify kabuli types as Cicer kabulicum. The result indicated that all the 
four varieties viz., two desi (G130 and H214), one green seeded (L345) 
and one kabuli (C104) have very great homology, the number of bands 
resolved was nine in each case and the pattern was also the same except 
minor 
4. 11 Efficiency of mutagen 
Ramanna and Natarajan (1965) studied relative mutagenic 
efficiency of alkylating agents viz; monofuctional (EMS and MES) and 
one bifunctional (Myleran) under different functions of temperature and 
hydrogen ion concentration and found various biological effect in Ml 
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and M2 generations such as reduction in growth, mitotic and meiotic 
chromosome aberrations, Mlspikelet fertility and Ml chlorophyll deficient 
chimeras in Ml in relation to M2 chlorophyll and viable mutation rates 
and found that temp, had profound effect on all biological responses 
including chlorophyll and viable mutation rates. Response was found to 
increase with increase in temperature. The effect of PH was pronounced 
in the case of EMS. Injury was more in case of treatment solutions buffered 
at acid pH than at alkaline pH. Among the three mutagens, EMS was found 
to induce highest mutation rates, however, on an equi-molecular basis 
MES occupied the first place among the three mutagens with respect to 
mutagenicity. 
Kharkwal (1998a) induced mutations in chickpea and studied 
comparative mutagenic effectiveness and efficiency of two physical 
(gamma rays and fast neutrons) and two chemical mutagens {N-methyl -
» N-nitrosourea( NMU) and ethyl methane sulfonate (EMS)} on two deci 
(G130 and H214) one kabuli(Cl04) and one green-seeded (L345) chickpea 
(Cicer arietinum). Results indicated that chemical mutagens, particularly 
also more efficient than physical mutagens in inducing mutations in 
chickpea (on the basis of chlorophyll, viable and total number of 
mutations). Mutagenic effectiveness and efficiency showed differential 
behaviour depending upon mutagen and varietal type. Variants of the desi 
type were more resistant towards mutagenic treatment than kabuli and 
green-seeded types. 
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4.12 Induction of mutation 
Khanna and Maherchandani (1984) studied the effect of gamma 
radiation on proteolytic activity in three varities of Chikpea {Cicer 
arietinum L) seedlings during early stages of germination. The soluble 
protein content of the cotyledons decreased with a simultaneous increase 
in the proteolytic activity with the growth of the seedling. In the embryo-
axis, the enzyme activity decreased with simultaneous increase in the total 
protein. Radiation induced the protein content as well as the enzyme 
activity in cotyledons and embryo. 
4.13 Isolation of mutants 
Dokov and Rodkov (1982) treated the seeds of 6 Bulgarian 
varieties of chickpea with 4-16 kR gamma rays and with 5 concentrations 
of EMS and studied the mutants in M2 and M4 generations and found a 
wide range of mutants affecting habit, pod distribution, seed size and 
shape; oarliness and resistance to Ascophyta rabici. EMS induced a 
somewhat higher frequency of mutations than gamma rays and variety 
Dobrulzhanski-6 was most mutable. 
Bhatnagar et al. (1988) irradiated the seeds of Baroda Dhakari local 
and L-550 variety of kabuli chickpea with gamma rays (10, 20 and 30 
kR) and fast neutrons and subjected to ethylmethane sulphonate (0.001 
and 0.01%) treatments, either singly or in combination. They increased 
the resistance aganist M. javanica and selected 111 stable genotypes in 
the M3 and screened in the M4 and M5. They listed resistant mutants and 
found that variety L550 was the more responsive to mutagens. Combined 
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treatments were more effective than single ones. The mutant MV77-1 
which was obtained from 30 kR + 0.1% EMS t produced the highest yield 
(18.29) under infested field condition. 
Gour and Gour (1999) found a fasciated mutant characterized by 
broadened and flattened stem, irregular leaf arrangement and clustering 
of pods at the stem tip in chickpea c v . ' J G - 3 i r induced through 
mutagemesis with EMS. They isolated this mutant in the M2 derived from 
seeds treated with 04% EMS for 6 hour. They reported that the mutant 
had delayed maturity, larger seed size and yielded less as compared to its 
parental cultivar. They designated this mutant as Jawahar gram mutant-2 
(J.G-M-2). The fasciation was found to be governed by a single recsive 
gene which segregrated independently of the loci slv. (simple leaf), mlv. 
(multipinnate leaf), blse (broze leaf) and B (blue flower). The fasciation 
has been transferred to different background. 
Patil et al. (1996) studied yield potential of chickpea mutants in 
relation to growth and biological oxygen demand of roots. They obtained 
three Chikpea {Cicer ahetinum L) mutants (ACM6, ACM7 and ACM 18) 
from combined treatments of 10 kR gamma-rays and 0.05% EMS (ethyl 
methane sulphonate). The original genotypes i.e. Warangal and N31 were 
evaluated at Akola during rabi 1990. ACM 18 had the highest root 
respiration rate (RR) at the vegetative state. Warangal had the highest 
root dry weight per plant at pod maturity. ACM7 had 18.3% higher seeed 
yield per plant than Warangal and its ratio of seed yield to RR was highest 
throughout the growth period. It was suggested that low RR during all 
stages of plant development was an index for productivity. 
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4. 14 Chlorophyll mutation 
Kharkwal (1998b) induced mutations in chickpea (Cicer arierinum 
L.) and studied the frequency and spectrum of chlorophyll mutations. Two 
desi (G130 and H214 ), one kabuli (C104) and one green seeded (L345) 
chickpea {Cicer arietinum) varities were evaluated for frequency and 
spectrum of chlorophyll mutations induced by two physical (gamma-
radiation and fast neutrons) and two chemical mutagens, N-methyl-N-
nitroso urea (NMU), ethyl methanesulfonate (EMS). The treatments 
included three doses each of gamma-rays (400, 500 and 600 Gy) and fast 
neutrons (5, 10, and 15 Gy) and two concentrations with two different 
durations of two chemical mutagens, NMU 0.01 % (20h) and 0.02%(8h) 
and EMS 0.1% (20h) and 0.2%(8h), Albina(43.5%), Chlorina(27.3%) and 
Xantha (24.2% mutations were recorded. The chemical mutagens there 
more efficient in inducing chlorophyll mutations in chikpea. Highest 
frequency of mutations was observed in LI345 (83% of MI families and 
19.9/1000 M2 plants). Kabuli variety C104 was least responsive for 
chlorophyll mutations. 
Kharkwal (1999) made a comparative study of frequency and 
spectrum of chlorophyll mutations induced by two physical (gamma-rays 
and fast neutrons ) and two chemical mutagens (NMU and EMS) in relation 
to the effect in Ml plants and induction of mutations in M2 in four chickpea 
varieties i.e. two desi ( G 130 and H214) and one Kabuli (CI04) and one 
green seeded (L345). The treatment included three doses each of gamma 
rays (400, 500 and 600 Gy) and fast neutrons (5, 10 and 15 Gy) and two 
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concentrations with two different durations of two chemical mutagens 
NMU and EMS. NMU was the most potent, while among the physical 
mutagens, gamma rays were more effective and found that green seeded 
variety, while the kabuli var. C-104 was least suitable. Major differences 
in the mutagenic response of the four cultivars were observed. The Desi 
varieties were common resistant towards mutagenic treatment than kabuli 
and green seeded types. 
4. 15 Inter-varietal crosses 
Krishna et al. (1979) studied the results of crosses using IS and 4s 
parents of chickpea (s=6) excluding reciprocals among threse parents. 
Additive nature of gene action was observed for 250 grain weight and 
non additive for days to flower, plant height, total number of branches 
per plant, days to reproductive phase, days to maturity and number, of 
pods per plant in the expression of the traits and found parent 'Chaffa' for 
days to flower and days to reproductive phase; 'Tl ' for plant height; 
'Gwaliar 2' for total number of branches per plant and number of pods per 
plant; 'P116r for days to maturity; 'P864' for grain yield per plant and 
'T3' for 250 grain weight were best general combiners. 
4.16 Evaluation of characters in different germplasm 
Govil et al. (1980) studied the germ plasms of 165 varieties from 
21 countries for 28 vegetative, reproductive, pod and seed characters and 
found that the components of variability in Indian and exotic germ plasm 
were different. Vigorous plant growth, erect plant type, early flowering 
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but late maturity, more number of pods per secondary branch as well as 
per plant, seeds per plant, small, less wrinkled seed and wilt resistant 
contributed to higher yield. The variability for most of these component 
was limited in Indian collection. 
4. 17 Hetrosis 
Singh and Ramanujam (1981) analyzed the nature of gene action 
and hetrosis for nine quantitative characters in four crosses of bengal gram 
and found that the both additive and non-additive gene action were 
important for all the characters. The contribution of epistatic interactions 
was substantial but with low precisian particularly for yield components. 
Heterosis for yield was not substantial over the best parent. The low 
heterosis might be due to internal cancellation of gene effects. 
4.18 Correlation between karyotypic symmetry and 
DNA amount 
Ohri and Pal (1990) studied the origin of chickpea through 
karyotypic and Feulgen microdensitometric measurements and showed 
that the most asymmetric karyotype was correlated with the lowest DNA 
amount and vice-versa in seven annual species of Cicer. The 2c nuclear 
DNA amounts vary from 1.83 by to 3.57 pg and the values within this 
range can be categorized into three groups, the means (1.83 pg, 2.59 pg, 
3.41 pg) of which were separated by regular intervals of 0.8 pg. 
4. 19 Selection Indices in Chickpea for yield 
Samal and Jagadev (1996)constructed the selection indices in 
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chickpea (Cicer arietinum L.) for yield and their efficiency assessed in 
terms of predicte genetic advance using 24 cultivars of chickpea. Four 
groups of indices based on 1 to 7 character combinations was based on 
four criteria which were functions of heritability (h2) and genetypic 
correlation with yield (vy). Efficiency of the indices over direct selection 
in terms of predicted genetic advance ranged from 5.4 to 101.7%, the 
highest efficiency being for all the inclusive 7 characters index. In all the 
four groups the efficiency of indices increased with increasing number of 
character. The mean predicted advance and efficiency of individual groups 
of indices indicated that for constricting a selection index to select high 
yielding genotypes, yield should be indicated first followed by characters 
A 
having higher h 2-rg values 
4. 20 Induction of resistance to disease 
Singh et al. (1974) reported the sources of resistance to gram wilt 
and breeding for wilt resistance in Bengal gram in U.P. Wilt is a disease 
of major importance, limiting production of bengal gram in India. In 
addition to Fusarium oxysporum f.ciceri, other fungi like F. solani and 
Ozonium taxanum are also found to cause wilting of gram plants in this 
country. The studies carried out at Kanpur had revealed that F. oxysporum 
and F. ciceri were the main cause of gram wilt in U.P. As a result of 
systematic work done during the last two and half decades, some sources 
of resistance to this pathogen namely, strains 88, 93, 100, 101, 106, 4313-
2.93, 206, P315, P692, P1231 and P1663 were identified at the U.P. 
Institute of Agricultural science, Kanpur. Out of the above sources of 
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resistance, three strains namely 100,101, and 106, were used in the 
hybridization program with T2 and T3 as agronomic base. Some crosses 
amongst the wilt resistant donors were also attempted in order to build up 
the wilt resistance further. 
Morjane et al. (1993) studied the chemical and genetic control of 
Ascochyta blight in chickpea and found in field trials in Tunisia during 
1991-92 that the best control of y4. rabici and highest yields were in pla 
ts sprayed twice at an interval of 14 days with a mixture of prochloraz 
and mancozeb. Maximum yields were obtained using resistant or tolerant 
lines; of 8 tested FLIP 84-92c gave the best results. 
4. 21 Genotype-Environment Interaction and 
genotype variability 
Jain et al. (1981) reported that there was no parallelism between 
genetic diversity and geographical distribution. The pattern of clustering 
was highly influenced by environment. The clustering pattern of genotypes 
had revealed that Desi and Kabuli types were different from each other. 
Hence, crossing among these two types may provide more desirable 
segregants. 
Jain et al. (1984) observed stability of yield components of chickpea 
genotypes and found that the pooled analysis of variance revealed the 
existence of high genotype environment interaction (G x E) for all the 
characters. Inspite of the non significance of linear component of G x E 
interaction, few genotypes exhibited b>l or b<l for seed yield per plant, 
seeds per pod, and harvest index. The genotypes showing wide adaptability 
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and specific adaptation were identified. K-4 was found suitable for better 
management conditions plate G-111 showed promise moderate input 
management and Kaka, NEC-240 and pink-2 appeared worthwhile for 
poor environmental conditions. 
Katiyar and Katiyar (1992) studied Nineteen advance generation 
populations of chickpea and a standard chickpea var. Avarodhi evaluated 
at three locations and stability parameters were studied for grain yield, 
seeds/pod, and harvest index. Significant differences were observed among 
the genotypes and environments. No genotype showed average stability 
for all the traits. Cv.G 105 was observed to gave stable performance for 
grain yield and harvest index, and G 104 for pods per plant and harvest 
index. Cv. G 107 for grain yield and G 101 were stable genotypes for 
pods per plant with numerically better yield and significantly more pods 
per plant, respectively. The environmental conditions at Bharari were the 
best for the expression of all the trials except harvest index. Either desi or 
for kabuli types in two of the three years. Yield performance of the Indian 
Kabuli cultivar L550 was comparablee with the best desi cultivar K850. 
Kumar et at. (1996) studied the genotype x environment interaction 
for seed multilocational trials of 16 genotypes of desi and kabuli chickpea 
(Cicer arietinum L.) in a number of countries in three season at 17 (1981-
82) 31 (1982-83) and 22 (1983-84)locations between 100-52° latitudes 
and found that the mean squares for locations, genotypes x location 
interaction were significant. Locations and genotype x location interaction 
variances were much h'gher than those for genotype. Genotype exhibited 
relatively more interaction with winter sown locations than with spring-
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sown locations. Desi types showed more variation than the kabuli types. 
The mean squares due to desi and kabuli type in two of the three years. 
Yield performance of the Indian kabuli cultivar L550 was comparable 
with the best desi cultivar K850. Seed size did not appear to influence 
yield performance and stability. Annigeri, Pant G114, ICCC 8, L 550 and 
ILC 482 had relatively high yield with good stability. Implications of these 
observations in breeding for seed yeild and wide adaptations are discused. 
4.22 Selection efficiency genetic divergence 
Samal and Jagadev (1996) estimated genetic divergence among 
23 cultivars of chickpea using D2 statistic for 7 yield traits. They grouped 
these cultivars into 6 clusters and recorded that the maximum genetic 
distance between clusters 3 and 6, followed by that between clusters 4 
and 5, suggesting wide diversity among these groups, considering clusters 
means and the genetic distances, crosses between the cultivar of cluster 6 
(ICCL 84228) with those of clusters 3 (ICCL 84217, ICCL 84219) and 4 
(ICCL84219) 4 (ICCL 82108,ICCL 8333214) were likely to recombine 
the genes for high yield. 
4.23 Genotypes and their origin 
Waldia et al. (1996) studied one hundred and ten kabuli chickpea 
genotypes for their physical and gravimetric properties to judge their role 
in cooking quality and found that seed index, seed volume, seed density, 
swelling capacity and seed coat content wefe important attributed, affecting 
cooking quality to a greater extent. 
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4. 24 Grain weight, density and yield 
Kharkwal and Chaudhary (1977) studied 177 chickpea genotypes 
consisting of 97 desi, 55 kabuli and 25green seeded and 50 wheat genotype 
and showed that grain density was an important indicator for post-anthesic 
source sink relationship determining the grain weight component of yield. 
The result showed that a wide range of variability existed for grain weight, 
volume and density in both chickpea and wheat. Among the chickpea 
genotypes, kabuli types exhibited highest range and mean for grain weight 
and density. The study on wheat under two environments showed that the 
grain density could be increased with simultaneous increase in grain weight 
and yield even under abiotic stress envirotmients. Therefore, they suggested 
that the grain density could be used as a selection criterion as well as a 
parameter for identifying tolerance during grain filling particularly under 
adverse abiotic conditions like late planting high/low temperature and 
moisture stress. 
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5.1. Seed Germination in BOD 
For determining the seed germination (%), the control as well as treated 
seeds of Cicer arietinum L. vars. Avarodhi and Pusa-256 were kept on 
moist cotton in petridishes, which were kept in B.O.D. incubator at 20 ± 
2°C. The total number of germinated seeds were counted in each 
petridishes and percentage of germination in control as well as treated 
seeds was determined and from the germination data, inhibition percent 
was calculated in control and treated populations. 
5.1.1 Diethyl sulphate (DES) treatment 
The seeds of C arietinum vars. Avarodhi and Pusa-256 were treated 
with various concentrations of DES and percentage of germination in both 
the varities determined and presented in Table-1. 
5.1.1.1 Cicer arietinum van Avarodhi 
Seed germination was 83% in control. In lower concentration (i.e. 0.1 
to 0.3 %) of DES seed germination was 100% and further increase in DES 
concentration had decreasing effect on germination. The minimum germination 
(16%) was recorded in 1.0-% concentration of DES (Table-1). 
5.1.1.2 Cicer arietinum var. Pusa-256. 
The maximum germination in var. Pusa-256 was 89% in lower 
concentrations and thereafter, the percentage of seed germination was 
gradually decreased with increasing concentrations. The minimum 
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germination was 44% in 1.0% DES treatment (Table-1). The percentage 
of seed germination in var. Avarodhi was higher in comparison to that of 
var. Pusa-256. The higher concentrations like 0.9 and 1.0% of DES had 
severely reduced the germination in variety Avarodhi than var. Pusa-256. 
5.1.2 Sodium azide (SA) t reatment 
Seeds of Cicer arietinuni\axs. Avarodhi and Pusa-256 were treated with 
various concentrations of sodium azide (0.01% to 0.1%) and percentage 
of seed germination in both the veu^ieties was calculated and presented in 
Table - 1 
5.1.2.1 Cicer arietinum var Avarodhi 
Seed germination in control of var. Avarodhi was 83% . It was observed 
that lower concentrations (0.01, 0.02 and 0.03%) of SA had less effect on 
seed germination. Further increase in SA concentrations had decreasing 
effect on seed germination. The minimum germination in var. Avarodhi 
was 27% in 0 .1% SA concentration and maximum germination was 78% 
in 0.01% concentration of SA (Table-1). 
5.1.2.2 Cicer arietinum var. Pusa-256 
The seed germination in control of var. Pusa-256 was 78%. Lower 
concentrations of SA (0.01 and 0.02%) had little effect on seed germination. 
Further increase in SA concentrations had decreasing effect on seed 
germination. The minimum seed germination in var. Pusa-256 was 22% 
in 0.09% SA concentration and maximum germination (61%) was found 
in 0.01 and 0.02% SA concentration (Table-1). 
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5.1.3. LD50 doses of mutagens 
LD 50 doses of DES and SA for vars. Avarodhi and Pusa-256 were 
determined on the basis of germination percentage obtained from BOD 
experiment and plotted vertically on x-axis against the concentrations of 
mutagens shown horizontally on 'Y'axis. 
5.1.3.1 LD 50 Doses of DES 
LD 50 Doses of DES for vars. Avarodhi and Pusa-256 were 0.81% 
and 0.80 % respectively (Fig.A). 
5.1.3.2 LD 50 Doses of SA 
LD 50 doses of SA for vars. Avarodhi and Pusa-256 were 0.06% 
and 0.04% respectively (Fig.B). 
5.1.4 Inhibition (%) from BOD experiment 
The inhibition (%) in seed germination in vars. Avarodhi and Pusa-
256 treated with DES and SA was determined and presented below 
5.1.4.1 DES treatment 
No seed inhibition was found in var. Avarodhi treated with 0.1-
0.3% concentration of DES (i.e. inhibition was 0%). The maximum seed 
inhibition (84%) was found in population treated with 1.0% concentration 
of DES. (Table- 1, Fig. C). 
hi var. Pusa-256, the minimum seed inhibition (11%) was found in 0.1 to 
0.3% DES and maximum inhibition (56%) was found in the population treated 
with 0.9 - 1.0 % concentration of DES (Table-1, Fig. C). 
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5.1.4.2 Sodium azide treatment 
In sodiiun azide treated seeds of var. Avarodhi, the minimum seed inhibition 
(22%) was found in 0.01% treatment and maximum inhibition (73%) was recorded 
in 0.1% concentration of sodium azide (Table-1, Fig. D). 
In var. Pusa-256. the minimum seed inhibition (39%) was found in 
seed treated with 0.09% concentration of SA and maximum inhibition 
(78%) was recorded in 0.09% concentration of SA (Table - 1 , Fig. D) 
5.2. Seed Germination in Pots 
The seeds of Cicer ahetinum L. vars. Avarodhi and Pusa-256 were 
treated with 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 % concen-
trations of DES and with 0.01, 0.02, 0.03, 0.04, 0.05, 0.06 , 0.07, 0.08, 
0.09 and 0.1% concentrations of SA and sown in pots (10 inch size) along 
with control seeds and pots were kept in the net house in natural condition 
to find out the effect of various environmental factors along with the effect 
of mutagens on seed germination and morphological characters of both 
the varieties oi Cicer arietinum L. It was found that germination in pots 
was delayed in treated as well as in control seeds in comparison to the 
germination in BOD. 
5.2.1 DES treatment 
The maximum seed germination (100%) was found in var. Avarodhi 
treated with 0.2 and 0.3% concentrations of DES. The percentage of seed 
germination was gradually decreased with increasing concentrations of 
mutagen. The minimum seed germination (11%) was found in 1.0-% The 
treatment. The seed germination in control of var. Avarodhi was 77%. 
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observations indicated the enhancing effect of lower concentrations (0.1% 
and 0.3%) of DES in this variety. (Table-2) 
The seed germination in control of var. Pusa-256 was 56%. In this 
case the lower concentrations of DES (i.e. from 0.1 to 0.4%) had enhancing 
effect on germination. The maximum seed germination (72%) was found 
in 0.1 and 0.2% DES treated populations. (Table-2). 
5.2.2 Sodium azide treatment 
In control of var. Avarodhi, the seed germination was 77%. The 
observations showed the decreasing effect of increasing concentrations 
of sodium azide on seed germination. The maximum seed germination 
(61%) was found in the population treated with 0.01% of SA and minimum 
(6%) was found in 0.1% treatment (Table-2). 
The control population of var. Pusa-256 showed 56% seed 
germination while the treated populations showed decreasing effect of 
increasing concentration of SA on germination. The maximum seed 
germination (50%) was found in 0 .01% and 0.02% SA. The seed 
germination was completely inhibited in the population treated with 
(0.1%) of sodium azide (Table-2). 
5.3 Effect of DES on morphological characters of 
vars. Avarodhi and Pusa-256 
5.3.1. Height of plants 
The height of the plants was recorded in control as well as treated 
populations after the growth of plants was stopped. 
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The average height of control plants of var. Avarodhi was 66.72 cm. The 
data revealed an increase in the height of the plant treated with 0.1 to 
0.5% of DES and further increase in concentration had decreasing effect 
on the height of plants. The maximum height of plants was found in 
population treated with 0.3% DES and minimum height (38.51 cm) was 
found in 1.0% DES treatment (Table-3,Fig.E and Plates lA and IB). 
The average height of control plants was of var. Pusa-256 was 77.10cm. 
Among the different treatments, 0.2% of DES showed enhancing effect 
on the height of plants. The data revealed the decreasing effect of SA on 
the height of plants. The maximum (average) height of plant (90.02 cm) 
was found in population treated with 0.2% and minimum (average) height 
(26.25 cm) was found in population treated with 1% concentration of 
DES (Table-3,Fig.E and Plates 2A and 2B). 
5.3.2 Number of branches per plant 
The average number of branche per plant in control population of variety 
Avarodhi was 8.6. Increasing concentrations of DES had decreasing effect 
on the number of branches per plant. However, the lower concentrations 
of DES (i.e. 0.1 to 0.3%) showed gradual increase in number of branches 
per plant. (Table-4). 
In case of var. Pusa-256, the average number of branches per plant in 
control population was 10.0. The lower concentrations (i.e. 0.1, 0.2, and 
0.3%) of DES showed the gradual increase in number of branches per 
plant. The number of branches per plant was dose dependent (Table-4). 
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5.3.3 Days to flowering 
In general, increasing concentrations of DES had delaying effect 
on days to flowering in both the varieties.But in case of var. Pusa-256, 
the lower concentrations of DES (0.1, 0.2, and 0.3%) showed early 
flowering by 3-4 days in comparison to that of control.(Table-4). 
5.3.4 Number of flowers per plant 
The mean value of flowers per plant in variety Avarodhi (control) 
was 47.3. The increasing concentrations of DES had decreasing effect on 
number of flowers per plant. The higher concentration of DES (0.9 and 
1.0%) had greater effect on the number of flowers per plant in comparison 
to control.(Table-4). The average number of flower per plant in variety 
Pusa-256 (control) was 50.6. The increasing concentrations of DES had 
decreasing effect in number of flowers per plant. The maximum number 
of flower per plant (79.6) was found in 0.3% and the minimum number 
on flower per plant (33.4) was recorded in 1.0% concentration of DES. 
The higher concentrations (0.9 and 1.0%) of DES were very effective in 
reducing the number of flowers per plant. (Table-4). 
5.3.5 Days to fruiting 
The days to fruiting were studied in varieties. Avarodhi and Pusa-
256 treated with different concentrations of DES and a brief account of 
the observations is given below The fruiting started after 102 days of 
seed sowing in var. Avarodhi (control). The treatments with different 
concentration of DES showed delaying effect in fruit setting. The fruiting 
was delayed by 11 days in the population treated with 1.0% concentration 
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of DES. (Table-5).The fruiting started in control plants of variety Pusa-
256 after 106 days of seed sowing. The lower concentrations of DES 
(0.1%, 0.2%, 0.3% and 0.4%) showed early fruiting. Further increase in 
DES concentrations had gradual delaying effect on days to fruiting . In 
the highest concentration used the fruiting started after 111 days of seed 
sowing i.e. fruit setting was delayed by 5 days (Table-5) 
5.3.6 Number of pods per plant 
The average number of pods per plant in variety AvarodiH^cUjttQi^it 
was 46.2. The increasing concentration of DES had decreasing effect on 
the number of pods per plant. The maximum number of pods per plant 
(52.9) was found in population treated with 0 .1% concentration and 
minimum number of pods per plant (28.1) was found in population treated 
with 1.0% concentration of DES (Table-5). 
In variety Pusa-256, the mean number of pods per plant was 48.3 
in control. Among the treated populations, there was increase in number 
of pods per plant from 0.1 to 0.3% DES treatment and thereafter further 
increase in concentration of DES had decreasing effect on number of pods 
per plant. The observations indicated the enhancing effect of lower 
concentrations of DES on the number of pods per plant. The maximum 
fruiting was recorded in population treated with 0.3% concentration of 
DES. the lowest fruit setting was found in 1.0% treatment (Table-5). 
5.3.7 Number of seeds per plant 
The increasing concentrations of DES had decreasing effect on 
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number of seeds per plant in var. Avarodhi. The average number of seeds 
per plant in control was 59.9 .The lower concentration (0.1 to 0.3%) 
showed igher number of seeds per plant. The higher concentrations i.e. 
0.4% and onwards had decreased the number of seeds per plant. The 
minimum number of seeds per plant (33.4) was recorded in 1.0% DES 
treatment (Table-5). 
In variety Pusa-256, the average number of seed per plant in control 
was 60.8. The increase in number of seeds per plant in comparison to 
control was found in populations treated with 0.1 to 0.6% concentrations 
of DES. the maximum number of seeds per plant was found in 0.3% 
treatment. Further increase in DES concentration showed gradual reduction 
in number of seeds per plant. The lowest number of seeds per plant ( i.e. 
34.1) was found in population treated with 1.0% concentration of DES 
(Table-5). 
5.3.8 100-seed weight 
100-seed weight of var. Avarodhi (control) as well as DES treated 
populations was taken. It was found that lower concentrations of DES 
(0.1, 0.2 and 0.3%) had increasing effect on 100-seed weight. Further 
increase in concentration of DES showed gradual decrease in 100-seed 
weight. The 100-seed weight was maximum in the population treated with 
0.3% DES. the minimum 100-seed weight was found in 1.0% DES treated 
population (Table-5). 
In case of var. Pasa-256, the lower concentrations of DES (0.1,0.2 
and 0.3%) had increased the 100-seed weight and further increase in 
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concentration of DES showed decreasing effect. The maximum 100-seed 
weight was recorded in population treated with 0.3% DES and minimum 
100-seed weight was found in 1.0% DES treated population (Table-5). 
5.3.9 Size of pods 
It was observed that the increasing concentrations of DES had 
decreasing effect on size of pods in both the varieties of Cicer arietinum 
L. In var. Pusa-256 the lower concentration (0.1%, 0.2% and 0.3%) of 
DES in general had higher mean values of pod size than the control. This 
showed the enhancing effect of lower concentrations of DES on the size 
of pod (Table-6, Plate 5, Fig. 1 .) 
5.3.10 Pollen fertility 
It was observed that increasing concentrations of DES had 
decreasing effect on pollen fertility in both the varieties. However, the 
lower concentrations of DES (0.1, 0.2 and 0.3%) had positive effect on 
pollen fertility. Further increase in concentration of DES showed 
decreasing effect (Table-7,Fig.G). 
5.3.11 Morphological variants in M^ generation 
5.3.11.1 Plants with one sided leaflets 
The effect of different concentrations of DES on leaflets was 
observed in both the varieties. It was found that leaflets on one side of 
leaf was completely reduced in 0.1, 0.4, 0.6, 0.7, and 0.8 % DES treated 
populations of var. Avarodhi (Table-8A, Plate 6, Fig.l). 
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5.3.11.2 Plants with highly reduced size of leaflets 
In the case of var. Pusa-256, this abnormality was observed in 0.9 
and 1.0% concentrations of DES (Table-9A, Plate 6, Fig.2). 
5.3.11.3 Plants showing cholorophyll mutations 
Chlorophyll mutations (xantha and chlorina) were found in var. 
Pusa-256 treated with 0.2 to 0.4% DES. and in var. Avarodhi treated with 
0.1 to 0.6% DES (Tables 8A and 9A, Plates 7 A, Fig. 2 ,3 and Plate 8A 
Figs. 2 and 3). 
5.3.11.4 Plants with prostrate habit 
Variants with prostrate habit were found were found in var. Avarodhi 
treated with 0.6, 0.7, 0.8 and 0.9% of DES. (Table-8A, Plate 7A and 7B, 
Figs.4 and 5). 
5.3.11.5 Plants with cluster of 3-4 leaflets 
Leaves with 3 or 4 pinnae were found in 0.3, 0.4 and 0.5% DES 
treated population of var. Pusa-256 (Table-9A, Plate 8, Fig.4). 
5.3.11.6 Survivality of chlorophyll mutants 
Survivality of xantha type chlorophyll mutants induced by DES 
treatment of var. Avarodhi and Pusa-256 (Table-8A, 9A, Plate 8, Fig.4). 
5.4 Effects of sodium azide on the morphological 
characters of vars. Avarodhi and Pusa-256 
5.4.1 Heigiit of plants 
The average height of control plant of var. Avarodhi was 66.72 cm. 
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The increasing concentration of SA showed the decreasing effect on the 
height of plants. The maximum height (73.60 cm.) of the plant was 
recorded in 0.03% SA and minimum average height was 32.1 cm. in 0.1% 
SA treatment. (Table-3,Fig.F and Plates 3A and B). 
The mean height of control plant of var. Pusa-256 was 77.10 cm. 
The effect of different concentration of SA indicated gradual decrease in 
the average height of plants. The increasing concentration of sodium azide 
had decreasing effect on the height of the plants among the treated 
populations. The maximum average height of plant (65.41 cm.) was found 
in 0.03% SA treatment, while it was minimum (39.83 cm.) in 0.08% 
treatment (Table-3, Fig. F and Plate.4). 
5.4.2 Number of branches per plant 
The number of branches per plant was recorded in SA treated population 
of both varieties. It was found that increasing concentrations of SA also had 
decreasing effect on the number of branches per plant. 
In case of var. Avarodhi, the maximimi nimiber of branches per plant was 
8.3 in 0.01% and minimum (5.2) in 0.1% SA treatment (Table-4). 
In case of var. Pusa-256 the minimum number of branches per plant 
was 7.1 in 0.08% and maximum (9.9) in 0.09% SA treatment (Table-4). 
5.4.3 Days to flowering 
Increasing concentrations of sodium azide had delaying effect on 
days to flowering in both the varieties. In case of var. Avarodhi, the 
flowering started 13 days late in 0.01% SA treated population while in 
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0.1% treated population flowering started 14 days late in comparison to 
control. (Table-4). 
In case of var. Pusa-256, flowering was delayed by 1-8 days in 
populations treated with 0.03 to 0.09% SA. flowering was delayed by 8 
days in 0.09% SA treated populations (Table-4). 
5.3.4 Number of Flowers per plant 
The effect of different concentrations of SA was seen in varieties 
Avarodhi and Pusa-256 with respect to number of flowers per plant. 
The average number of flowers per plant in variety Avarodhi 
(control) was 47.3. The increasing concentrations of SA had in general 
the decreasing effect on number of flowers per plant. The maximum 
number of flowers per plant (57.3) was found in 0.03% and minimum 
number of flower per plant (22.3) was recorded in 0 .1% concentration of 
SA. Among all the treatments 0.03% of SA showed the enhancing effect 
on the number of flowers per plant (Table-4). 
In variety Pusa-256, the average number of flowers per plant in 
control was 50.6. The increasing concentrations of SA had decreasing 
effect on number of flowers per plant. The maximum number of flowers 
(46.5) was recorded in 0.01% and minimum number of flowers (23) was 
found in 0.09% concentrations of SA (Table-4). 
5.4.5 Days to fruiting 
In control plants of variety Avarodhi, fruiting started after 102 days 
of seed sowing. The fruit setting was delayed by 5-days in 0.01% SA 
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treated population. The increasing concentration of SA had delaying effect 
on days to fruiting. In 0 .1% SA fruiting was delayed by 9 days in 
comparison to control plants (Table-5). 
In variety Pusa-256, the fruiting started in control plants after 106 
days of seed sowing. In 0.01, 0.02 and 0.03% SA treatment, the fruiting 
started 5 to 6 days earlier than control. Further increasing concentration 
of SA had delaying effect on days to fruiting. Further in highest 
concentration of SA fruiting was delayed by 9 days in compeirison to 
control plants (Table-5). 
5.4.6 Number of pods per plant 
The maximum number of pods were found in var. Avarodhi treated 
with 0.03% concentration of sodium azide. The observations indicated 
the decreasing effect of increasing concentration of SA on number of pod 
per plant. The highest concentration of SA used showed the lowest number 
of pods per plant. (Table-5). 
The average number of pod per plant in variety Pusa-256 (control) was 
48.3. The SA treated populations showed reduction in average number of 
pods per plant. The increasing concentrations of SA had decreasing effect on 
this parameter. The lowest number of pods per plant was found in the 
population treated with 0.09% concentration of sodium azide. (Table-5). 
5.4.7 Number of seeds per plant 
The average number of seeds per plant in control of variety Avarodhi 
was 59.9. The increasing concentration of SA showed the gradual decrease 
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all the average number of seeds per plant among the treated populations. 
The maximum number of seeds per plant was 43.9 in 0.01% SA treatment 
and the minimum number of seeds (i.e. 20.1) per plant was found in the 
highest concentration used (Table - 5). 
In control plants of var. Pusa-256, the number of seeds per plant 
was 60.8. The observations revealed the gradual decrease in number of 
seeds per plant with increasing concentrations of SA. The maximum 
number of seeds per plant (50.8) was found in 0 .01% SA treated 
populations and the minimum number of seeds per plant (20.8) was 
recorded in the population treated with 0.09% SA. (Table-5) 
5.4.8. 100-seed weight 
In control plants of var. Avarodhi, the 100-seed weight was 17.8 
gm. The increasing concentrations of SA had decreasing effecton 100-
seed weight. The minimum 100-seed weight was 9.8 gm found in 
population treated with 0.1% SA (Table-5). 
In case of variety Pusa-256, the increasing concentration of SA had 
decreasing effect on 100-seed weight. In higher concentration of SA 
(0.09%) , the 100-seed weight (12.1 gm) was 12.1 gm. (Table-5). 
5.4.9 Size of pods 
In case of sodium azide treatment, the increasing concentrations of 
SA had decreasing effect on size of pod in both the varieties (Table-6, 
Plate 5, Figs.2 and 3). 
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5.4.10 Pollen fertility 
In case of sodium azide treatment it was found that increasing 
concentrations of SA had reducing effect on pollen fertility in var. Avarodhi 
and Pusa-256 (Table-7,Fig.H). 
5.4.11 Morphological variants in Mj generation 
5.4.11.1 Plants showing leaflets on only one side. 
Unpaired pinnae were found in 0.02, 0.03, 0.04, 0.05, 0.06, 0.09 
and 0.1% SA treated populations of var. Avarodhi (Table-SB) 
5.4.11.2 Plants with highly reduced size of leaflets 
Plants with highly reduced size of leaflets were found in var. 
Avarodhi treated with in higher concentrations of SA (i.e. 0.06, 0.07, 0.08, 
0.09, 0.1%) of var. Avarodhi (Table 8B, Plate 6, Fig. 3 ). 
5.4.11.3 Plants with reduced number of leaflets 
This abnormality was found in both the varieties treated with various 
concentration of sodium azide (Table SB and 9B, Plate 6, Fig.4.). 
5.4.11.4 Plants with cluster of 3-4 leaflets 
This abnormality was recorded in vars. Avarodhi and Pusa-256 
treated with various concentration of SA and data are presented in Tables 
SB and 9B, Plate 7B, Figs. 6 and 7). 
5.4.11.5 Cholorophyll Mutation 
Chlorophyll Mutation (Chlorina type) was found in variety Pusa-
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256 treated with 0.05 and 0.07% concentrations of sodium azide (Table 
9B, Plate -8B and Fig. 6) 
5.5 Cytological effects of DES and SA on vars. 
Avarodhi and Pusa-256 
Seeds of Cicer arietinum L. vars. Avarodhi and Pusa-256 were 
treated with different concentrations of DES and SA and sown in pots of 
10-inch size along with control seeds. The pots were kept in net house. 
The flower buds of proper size were plucked and fixed for cytological 
studies. The different stages of meiosis were studied in DES and SA treated 
varieties of Cicer arietinum L. The treated plants showed various type of 
cytological abnormalities at different stages of meiosis, which are 
described in brief in the following paragraphs: 
5.5.1 Cicer arietinum L. var. Avarodhi treated with DES 
5.5.1.1 Early prophase 
(1) Cytomixis 
Cytomixis was seen at early prophase-1 in all the populations of C 
arietinum var. Avarodhi treated with different concentrations of DES and 
the frequency of cells showing cytomixis was found to increase with 
increasing concentrations of DES. The total number of PMCs analyzed 
and percentage of cells showing cytomixis at different concentratioits of 
DES has been presented in (Table-10, Plate - 1, Fig. 8). 
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5.5.1.2 Diakinesis 
(1) Number of nucleoli! 
In control population of var. Avarodhi only one nucleolus was found 
in each pollen mother cell but in the treated populations the variation in 
number of nucleolus was found. In the population treated with lower 
concentrations of DES (0.1-0.3%), one nucleolus was found in all pollen 
mother cells and more than one nucleolii were found in the higher concentrations 
of DES. The number of nucleolii ranged from 1 to 4. The percentage of cells 
showing more than ont nucleolus increased with increasing concentrations of 
diethyl sulphate (Table-10, Plate -1 , Figs.-9 and 10). 
5.5.1.3 Metapbase-1 
(i) Clumping 
At metaphase-1, chromosome clumping was found in all the 
treatments. All the chromosomes were clumped together to form a single 
group at the equator (Plate-1, Figs. 11 and 12). The increasing 
concentration of DES showed the increasing effect on chromosome 
clumping. The percentage of cells showing chromosome clumping at 
metaphase-1 in different concentrations of DES is given in Table-10. 
(ii) Univalents 
The univalents at metaphase-1 were seen in var. Avarodhi treated 
with 0.2 to 0 .1% concentrations of DES. the frequency of cells showing 
univalents at M-1 was increased with increasing concentration of DES 
(Table-10, Plate-1, Figs. 13, 14 and 15). 
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(iii) Trivalents 
Different types of trivalents (linear and Y-shaped) were seen at M-
1 in populations treated with higher concentrations (i.e. 0.5-1.0%) of DES. the 
frequency of pollen mother cells showing trivalents increased with increasing 
concentrations of mutagen. (Table-10, Plate -2, Figs. 16 and 17). 
(iv) Tetravelents 
Different types of tetravalent associations were observed at 
metaphase-1 in a very low frequencies in populations treated with different 
concentrations of DES. The frequency of cells showing tetravalents 
showed positive correlation with increasing concentrations of DES. (Table-
10, Plate-2, Fig 18). 
(v) Hexavalents 
Higher chromosomal association like hexavalent was seen in low 
frequency at metaphase-1 in popula t ions treated with various 
concentrations of DES. It was found that the percentage of cells showing 
hexavalent was more in population treated with higher concentration of 
DES. (Table-10). 
(vi) Disorientation of chromosomes 
The bivalents at inetaphase-1 were found at one pole of the cells in 
the populations treated with 0.3 and 0.4% of DES. However, this 
abnormality was not found in 0.1, 0.2% treatments. The data revealed 
that frequency of cells showing disoriented bivalent was increased with 
increasing concentration of the mutagen (Table-10,Plate-2, Figs 19 and 20). 
(vi) Cytomixis 
Cytomixis (cytoplasmic connection between the cells) at metaphase-
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1 was seen in var. Avarodhi treated with different concentrations of DES. 
The frequency of cells showing cytomixis was gradually increased with 
the increasing concentration of DES. (Table-10) 
5.5.1.4 A n a p h a s e - 1 
(i) Chromosome clumping 
At anaphase-I, chromosomes were clumped together at both the 
poles so tightly that their counting was not possible. Some of the 
chromosomes were not included in any group at the poles and remained 
in the form of laggard. The frequency of cells showing chromosome 
clumping was more in the populations treated with 0.1, 0.2, 0.3, 0.4 and 
1.0% concentrations of DES. The data indicated that the percentage of 
chromosome clumping was increased with increasing concentrations of 
DES (Table-10, Plate-2, Fig 21). 
(ii) Unequal distribution of chromosomes 
Unequal distribution of chromosomes at anaphase-1 was observed 
in the populations treated with 0.4 to 1.0% concentration of DES (Plate-
Fig.). The maximum frequency of cells showing unequal distribution of 
chromosomes was recorded in 1.0-% treatment. This abnormality was not 
seen in the population treated with lower concentrations of DES (Table-
10). 
(iii) Bridge with or without fragments 
At anaphase-1, bridges with or without fragments were observed in 
all the treated populations (Plate -2, Fig. 22). The frequency of cells 
showing anaphase bridge was low in the populations treated with lower 
concentrations of DES. However, the increasing concentrations of the 
6 7 
O B S E R V A T I O N S 
mutagen had positive effect of bridge formation. The percentage of cells 
showing bridges at A-1 was maximum in the population treated with 1.0% 
concentration of DES. The data shows positive correlation of bridge 
formation with increasing concentrations of DES (Table-10). 
(iv) Laggards 
Anaphase-I was normal in control population and laggards were 
not seen. Laggards were also not found in the population treated with 
lower concentrations of DES. (0.1 to 0.3%). However, laggards were found 
in the populations treated with higher concentrations of DES (0.4-1.0%) 
(Plate-2, Figs. 23, 24 and 25). The percentage of cells showing laggards 
at anaphase is presented in Table-10. 
(iv) Polar anaphase -I 
Anaphase-1 configurations were found at one pole of the cells in 
the populations treated with 0.4 to 1.0% concentrations of DES. This 
type of meiotic abnormality was not seen in the population treated with 
lower concentration of DES (from 0.1 to 0.3%). The increasing 
concentrations of DES had positive effect on the shifting of chromosomes 
from equatorial region towards the pole. The frequency of cells showing 
this abnormality is given in Table-10. 
5.5.1 .5 TeIophase-1 
(i) Micronuclei 
The micronuclei at T-1 were observed in all the treatments but the 
frequency of the cells showing micronuclei was variable. In the lower 
concentration of DES, the micronuclei were seen in low frequency but in 
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the populations treated with higher concentration of DES, the percentage 
of cells showing micronuclei were also high. Sometimes all lagging 
chromosomes grouped together and formed third Nuleus at Telophase -I 
(Plate 2, Figs. 26, 27, Plate-3, Fig - 28). The frequency of cells showing 
micronuclei was determined in all the treated populations and presented 
in Table-10. The observations indicated that frequency of the cells showing 
micronuclei increases with increase in concentrations of DES (Table -10) 
(ii) Laggards 
Laggards were observed at telophase-1 in all treated populations of 
Cicer arietinum L. var. Avarodhi. The increasing concentrations of DES 
had positive effect on the cells showing laggards. The maximum frequency 
of cells showing laggards was found in 1.0% DES treatment (Table-10) 
5.5.1.6 Anaphase-II 
In control plants anaphase-II was normal but the treated materials 
showed the following abnormalities, 
(i) Laggards 
At anaphase-II, laggards were found in all the populations treated 
with different concentrations of DES. The frequency of cells showing 
laggards at anaphase-II was more in the populations treated with 1.0% 
concentrations of DES (Table 10, Plate -3, Fig. 29). 
(ii) Stickiness 
Stickiness of chromosomes at anaphase-II was commonly found in 
the populations treated with higher concentration of DES (Table-10, Plate-
3, Fig - 29) 
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(iii) Chromosomes in three groups 
Cells with three groups of chromosomes at anaphase-II were 
observed in almost all the treated populations (Plate - 3 Fig. 30). In lower 
concentration, the frequency of cells showing three groups of chromosomes 
was very low. However, the percentage of cells showing this abnormality 
increased with increasing concentrations of DES (Table 10). 
(iv) Chromatin bridges 
The chromatin bridges were observed at anaphase-II in all the treated 
populations. (Plate - 3, Figs. 31 and 32). The frequency of PMCs showing 
bridges at A-II was gradually increased with increasing concentration of 
DES. The bridges were not seen in lower concentrations. The maximum 
cells showing bridges at anaphase-II were found in the population treated 
with 1.0% concentration of DES (Table-10). 
(v) Cytomixis 
Cytomixis was not observed in the control or in the population 
treated with lower concentrations (0.1-0.4%) of DES. However, cytomixis 
was observed in population treated with 0.5% or higher concentrations of 
DES. The data revealed that increasing concentration of DES had positive 
effect on cytomixis and the cells showing cytomixis was maximum in 
1.0% of DES treatment (Table -10). 
5.5.1.7 Telophase-II 
(i) Micronuclei 
Micronuclei were found in all the treated materials. The frequency 
of micronuclei was low in 0.1 to 0.4% DES treatments. In 1.0% DES 
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treatment, 13.33% of cells showed the micronuclei (Table-10). The 
micronuclei ranged from 2 to 13. (Plate - 3, Figs. 33-37). 
(ii) Cytomixis 
Cytomixis was not observed in control plants. Cytomixis was found 
in all the treated populations. The increasing concentrations of DES had 
positive effect on cytomixis. The frequency of cells showing cytomixis 
was calculated in all the treated populations and data was presented in 
Table-10. Sometimes more than were PMCs was found to have cytoplasmic 
connections and the micronuclii in the process of migration from one cell 
to another through these connections (Plate - 3, Fig. 38). 
(iii) Tripolar condition 
The pollen mother cells showing 3 nuclei at telophase-II were found 
in all the treated population. This type of meiotic abnormality was not 
found in control population. The frequency of the cells showing tripolar 
condition in the lower concentrations was nearly 2%. In higher 
concentrations of DES, the percentage of cells showing tripolar condition 
was high. The maximum frequency of cells showing three nuclei at T-Il 
was found in the population treated with 1.0% of DES (Table-10). 
5.5.1.8 Tetrads 
In control population, the tetrads were normal and each microspore 
had single nucleus. In the treated populations microspores with one or 
more than one micronuclei were found. The increasing concentrations had 
positive effect on the cells showing microspores with micronuclei. (Table 
10, Plate- 3, Fig. 39). 
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5.5.2 Cicer arietinum L. van Pusa-256 treated with DES 
5.5.2.1 Early Prophase-I 
(i) Cytomixis 
Cytomixis was not seen in the populations treated with 0.1 to 0.5% 
on DES. However, in higher concentrations, cytomixis was observed but 
in very low frequencies (Table-11). The observations indicated that in 
higher concentrations of DES, the percentage of cells showing cytomixis was 
gradually increased with increase in concentration of DES (Table-11). 
5.5 .2 .2 D iak ines i s 
(i) Univalents and Trivalents 
At diakinesis eight bivalents were regularly seen in control plants 
(Plate - 4, Fig. 1). Univalents and trivalents were observed in the 
populations treated with higher concentrations of DES. But the frequency 
of univalents and trivalents were low. These abnormalities were not found 
in population treated with lower concentrations of DES (Table-11). 
(ii) Binucleolate condition 
Two nucleolii were seen only in populations treated with higher 
concentrations of DES. (Plate - 4, Fig. 2). The binucleolate cells were not 
seen in control or in populations treated with lower concentration. The 
maximum frequency of binucleolate cells was found in population treated 
with 1.0% of DES. (Table-11). 
5.5.2.3 Metaphase-I 
(i) Chromosome clumping 
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The chromosomal clumping was found in all the population of var. 
Pusa-256 treated with different concentrations of DES (Plate - 4, Figs. 3 
and 4). The frequency of cells showing chromosome clumping increased 
with increasing concentration of DES. The maximum percentage of cells 
showing chromosome clumping was found in 1.0-% treatment (Table-11). 
This type of meiotic abnormality was not found in control population, 
(ii) Precaucious separation 
Precaucious separation of chromosomes was absent in control as 
well as in populations treated with lower concentrations (0.1 and 0.2%) 
of DES. This abnormality was found in 0.3 to 0.8% treatments. However, 
early separation of chromosomes was not found in 0.9 and 1.0% 
concentration of DES. The percentage of cells showing this abnormality 
showed positive correlation with increasing concentrations of DES except 0.9 
and 1.0% concentrations (Table- 11). 
(iii) Univalents 
Univalents were found in all the populations treated with different 
concentration of DES. (Table-11). The frequency of cells with univalents 
showed positive correlation with doses of DES. The minimum and 
maximum frequency of such cells were found in 0.1 and 1.0% 
concentrations of DES. Univalents were not found in control plants (Plate-
4, Fig. 5) 
(iv) Trivalents 
Trivalents in low frequency were found in all the treated populations. 
The frequency of cells showing trivalents increased with increasing 
concentrations of mutagen. The highest percentage of cells with trivalents 
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was found in population treated with 1.0% concentration of DES. (Table-
11) 
(v) Tetravalents 
Different types of tetravalents (chain and ring) were found at 
metaphase-1 in the populations of var. Pusa-256 treated with 0.3% and 
higher concentrations of DES. Chain type of tetravalents were found in 
0.6 to 1.0% concentrations and ring types were observed even in lower 
concentration (0.3%) of DES. (Table-11, Plate-4, Fig. 5). 
(vi) Hexavalents 
Hexavalents were found in the populations treated with 0.3% and 
higher concentrations of DES. The higher chromosomal association like 
hexavalent was not seen in the population treated with 0.1 and 0.2% of 
DES. Data showed positive correlation of cells showing hexavalents with 
increasing concentration of DES. (Table-11). 
(vii) Polar metaphase-I 
The cells with polar metaphases were also seen. This type of 
cytological abnormality was seen in the populations treated with 0.4% 
and higher concentrations of DES. but the frequency of such cells was 
very low. The maximum percentage of cells (0.96%) showing polar 
metaphases was found in population treated with 1.0-% concentration of 
DES (Table-11). 
5.5.2.4 Anaphase - I 
Anaphase-1 was normal in control. In treated populations various types 
of abnormalities like chromosome clumping, unequal distribution, 
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laggards with or without fragments were found at anaphase-I. 
(i) Chromosome clumping 
This abnormality was found in all the treatments and frequency of 
the cells showing clumped chromosomes was very high. The data showed 
that increasing concentration of DES gad positive effect on the frequency 
of cells showing chromosome clumping. The maximum frequency of cells 
with chromosomes clumping was found in 1.0% concentrations of DES. 
(Table-11, Plate-4, Figs. 6 and 7). 
(ii) Unequal distribution of chromosomes 
Unequal distribution of chromosomes at anaphase-I was found in 
the populations treated with 0.3% to 1.0% concentrations of DES (Plate-
4, Fig. 8). The frequency (%) of cells showing unequal distribution at 
anaphase-I is presented in Table-11. The percentage of cells showing 
unequal distribution of chromosomes at anaphase-I was maximum (2.84%) 
in population treated with 1.0 % concentration of DES (Table-11). 
(iii) Bridges with or without fragments 
Bridges with or without fragments were seen in all the populations 
treated with different concentrations of DES. (Plate - 4, Figs. 9 and 10) 
but the frequency of cells showing chromatin bridges in different 
treatments was variable. The observations showed that frequency of cells 
with bridges increased with increasing concentrations of DES (Table-
11). The maximum frequency of this abnormality was found in 1.0 % 
DES treatment, 
(iv) Polar anaphase 
In some cells treated with mutagen the position of anaphase-I 
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chromosomes were found shifted from equatorial region to polar region 
of the cells. The data showed that cells showing polar anaphases increased 
with increasing concentration of DES. The maximum frequency of such 
cell was found in population treated with higher concentrations of the 
DES. This abnormality was not seen in 0.9 and 1.0% concentration of 
DES (Table-11). 
5.5.2.5 Telophase-I 
(i) Micronuclei and Cytomixis 
Telophase-I was normal in control plants. In the treated populations, 
various types of meiotic abnormalities such as micronuclei, laggards and 
cytomixis were found. The percentage of cells showing micronuclei was 
greater than all the abnormalities found at telophase-I. In the lower 
concentrations of DES, the micronuclei were found in low frequency but 
in higher concentrations, the frequency of micronuclei were found to 
increase with the increasing concentrations of DES (Table-11). The lowest 
percentage of cells (2.61%) showing micronuclei was found in 0.1% DES 
treatment while the highest percentage of such cells (13.35%) was recorded 
in 1.0% concentration of DES. (Plate - 5, Fig. 13). Cytomixis showing 
(cytoplasmic connection) between two or more than two cells at telophase-
I was recorded in very low frequencies only in the populations treated 
with 0.7, 0.8, 0.9 and 1.0% concentrations of DES (Table-11). 
5.5.2.6 Anaphase-II 
(i) Bridges, Tripolar conditions and Laggards 
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Bridges with or without fragments were observed (Plate - 5, Figs. 
14 and 15 ), tripolar arrangement of chromosomes ( Plate - 5, Fig. 16) 
and Laggards (Plate- 6 Figs. 17 and 18) at A-II in all the treated 
populations. The frequency (%) of cells showing chromatin bridges was 
more in higher concentrations of DES. The lowest percentage of cells 
(0.21%) with chromatin bridges was found in population treated with 0.1% 
and highest percentage of dells with this abnormality was found in 1.0% 
DES treatment (Table- 11) 
5.5.2.7 Telophase-II >» ^"^ l o Vr? )-f 
(i) Micronuclei and cytomixis '> 4, - - - '^ ^ 
This stage in treated populations was characterized by the occurrence 
of high frequency of micronuclei (Plate - 5, Figs 19, 20 and 21). and low 
frequency of cytomixis (Table-11). The increasing concentrations of DES 
showed positive correlations with micronuclei. The highest frequency of 
cells showing micronuclei was recorded in population treated with 1.0 % 
concentration of DES. 
The cells showing cytomixis at T-II were found only in populations 
treated with higher concentrations of DES. It was found that increasing 
concentrations of DES (from 0.5% and onwards) had increasing effect on 
cytomixis. 
5.5.2.8 Tetrads 
This stage was characterized by the presence of four structures in 
the pollen mother cells. Microspores with micronuclei were invariably 
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found at this stage and the size of micronuclei in microspores was variable 
(Plate-5, Figs 22 and 23). The microspores were degenerated and fertile 
pollen grains were in a very low frequency in the population treated with 
1.0% of DES (Table-11). 
5.5.3 Cicer arietinum L. v a n Avarodh i t reated wi th 
S o d i u m a z i d e 
Seeds oi Cicer arietinum L. var. Avarodhi were treated with different 
concentrations of sodium azide and meiotic effects of SA on various stages 
of microsporogenesis are presented below: 
5.5.3 .1 E a r l y p r o p h a s e - I 
(i) Cytomixis 
Cytomixis was observed at early prophase in all the populations 
treated with 0.01 to 0 .1% concentrations of SA (Plate - 6, Fig. 1). The 
frequency of cells showing cytomixis at early prophase ranged from 0.21 
to 0.78%. The percentage of cells showing cytomixis is given in Table-
10. The data shows that increasing concentrations of DES had positive 
effect on cytomixis. 
5.5.3.2 Metaphase-I 
(!) Chromosome clumping 
Chromosome clumping was observed at metaphase-1 in all the 
treatments but the frequency of cells showing chromosomes clumping in 
different concentrations was variable. The frequency of cells showing 
chromosome clumping had posit ive correlation with increasing 
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concentration of SA. 
In majority of the cells all the chromosomes were clumped either one or 
many groups at the equator (Plate - 6, Figs. 2 and 3). The percentage of 
cells showing chromosome clumping in different concentrations of SA is 
presented in Table-10. The data showed that higher concentration of SA 
had greater effect on chromosome clumping, 
(ii) Precaucious separation 
The precaucious separation of chromosomes was seen at metaphase-
1 in population treated with 0.02 to 0.1% concentrations of sodium azide. 
(Plate - 6, Fig. 4). The frequency of cells showing precaucious separation 
of chromosomes at M-1 was higher in sodium azide treated populations 
of var. Avarodhi than DES treated population of same variety. Precaucious 
separation had positive correlation with increasing concentrations of 
sodium azide (Table-10) 
(iii) Univalents 
The univalents were found at M-1 in treated populations. (Plate-6, 
Figs. 4 and 5). The percentage of cells showing univalent in different 
treated populations is presented in Table-10. The data showing univalent 
in different treated populations is presented in Table-10. The data revealed 
that frequency of cells showing univalents was more in population treated 
with higher concentrations of SA. 
(iv) Trivalents 
Different types of trivalents such as Y-shape or chain shape were 
seen in different frequencies in population treated with various 
concentrations of sodium azide. The frequency of cells showing different 
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types of trivalents increased with increasing concentrations of SA. The 
population treated with highest concentrations of SA showed the maximum 
percentage of cells with trivalents (Table-10, Plate- 6, Figs. 5, 6 and 7). 
(v) Tetravalents 
Higher chromosomal association like tetravalents was also found 
at mataphase-1. The frequency of cells with tetravalent chromosomal 
association at M-1 was low in popula t ions treated with lower 
concentrations of SA, while in higher concentrations the frequency of 
tetravalent was increased (Table-10). The various types of quadrivalents 
(chain and wing types) were seen in treated materials. (Plate -6, Fig. 8). 
(vi) Disorientation of chromosomes 
Disorientation of chromosomes showing polar metaphase-1 was seen 
in all the populations treated with different concentrations of SA except 
0.01%. The frequency of cells showing disorientation of chromosome was 
gradually increased with increasing concentration of SA (Table-10, Plate 
-6 Fig. 9). 
(vii) Cytomixis between cells at different stages of division 
Cytomixis was seen between cells showing M-1 and T-I stages 
(Plate- 6, Fig. 10). The frequency of cells showing cytomixis in var. 
Avarodhi treated with different concentration of SA is presented in Table-
10. There was positive correlation of cytomixis with increasing 
concentrations of sodium azide. 
5.5.3.3 Anaphase -I 
(i) Chromosome clumping 
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Clumped chromosomes with or without laggards were seen at 
anaphase-I in populations treated with 0.03 to 1.0% of SA. (Plate-6, Figs. 
11 and 12). The frequency of cells showing clumping with or without 
laggards increased with increasing concentrations of SA (Table-10). 
(ii) Unequal distribution of chromosomes 
It was found in low frequency in var. Avarodhi treated with higher 
concentrations (0.08, 0.09 and 0.1%) of sodium azide (Plate-7, Fig. 13). 
Unequal distribution of chromosomes at anaphase-I was not seen in the 
populations treated with lower concentrations of sodium azide. The 
percentage of cells showing unequal distribution of chromosomes is 
recorded in Table - 10. 
(iii) Bridges with or without fragments 
Chromatin bridges with or without fragments were found in all the 
populations treated with 0.02 to 0.1% concentrations of SA. (Plate-7, Fig. 
14). The frequency of cells showing bridges with or without fragment 
was recorded in Table-10. Bridges were not seen in the population treated 
with lowest concentration (0.01%) of sodium azide. 
(iv) Laggards 
Lagging chromosomes at A-I were seen in the populations treated 
with 0.03 to 0.08% concentrations of sodium azide (Plate- 7, Fig. 15 
). The frequency of cells showing laggards increased with increasing 
concentrations of SA. The laggards were not found in population treated 
with 0.09 and 1.0-% concentrations of SA, while in DES treatment, lagards 
were found in higher concentrations also (Table-10). 
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(v) Polar anaphases 
At anaphase-I, the two groups of chromosomes were found at one 
pole of the cell. This type of abnormality was found generally in all the 
populations treated with 0.01 to 0.1% concentrations of SA. The maximum 
frequency of the cells (7.03%) showing polar anaphases was found in 
population treated with 0.01% concentration of sodium azide (Table-10). 
5.5.3.4 Telophase-I 
(i) Micronuclei 
At telophase-I, the micronuclei were found in all the treated 
populations (Plate-7, Fig. 17 and 18). The frequency of cells showing 
micronuclei at T-I has been presented in Table-10. The data shows that 
the frequency of cells showing micronuclei at telophase-I increased with 
increasing concentrations of sodium azide. (Table-10). 
(ii) Laggards 
At telophase-I laggards were generally found in the populations 
treated with 0.04% and higher concentrations of sodium azide. The 
laggards were not seen in the populations treated with lower concentrations 
of SA. The frequency of cells showing laggards was found to increase 
gradually with increase in concentrations of SA (Table-10). 
5.5 .3 .5 A n a p h a s e - I I 
(i) Laggards 
Laggards were found at anaphase-II in all the treated populations. 
The frequency of cells showing lagging chromosomes at anaphase-II was 
recorded and presented in Table-10. 
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(ii) Tripolar condition 
The tripolar arrangement of chromosomes with or without laggards 
was observed in low frequency only in higher concentrations of SA. The 
frequency of cells showing tripolar distribution of chromosomes was 
gradually increased with increasing concentrations of sodium azide. (Table-
10). 
(iii) Bridges 
Chromatin bridges with or without fragments were found in the 
populations treated with 0.03 to 0 .1% concentrations of sodium azide. 
The maximum frequency of cells showing chromatin bridges at anaphase-
2 was found in 0.1% SA treated population (Table-10). 
(iv) Linear arrangement of chromosomal groups 
Linear arrangement of chromosomal groups at anaphase-II was seen 
in low frequencies in all the populations treated with different 
concentration of SA. (Table-10). However, this abnormality was not found 
in populations treated with lower concentrations (from 0.01-0.04%) of 
SA. 
(v) Cytomixis 
Cytomixis was found at A-II in low frequency in populations treated 
with lower concentration of SA. However, it was not found in the 
populations treated with lowest or highest concentrations of SA. The 
frequency of cells showing cytomixis was increased with increasing 
concentrations of SA (Table-10). 
5.5.3.6 Telophase-II 
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(i) Microuuclei 
Micronuclei at telophase-II were seen in populations of var. 
Avarodhi treated with 0.01 to 0.1% concentrations of SA. The frequency 
of micronuclei was dose dependent (Table-10, Plate- 7, Figs. 19, 20 and 
21). 
(ii) Tripolar chromosomes with or without laggards 
Tripolar arrangement of chromosome with or without laggards was 
seen in populations treated with 0.01 to 0.07% SA. The frequency of cells 
showing tripolar condition at T-II was not recorded in 0.08 to 0 .1% SA. 
This abnormality was dose dependent. (Table-10, Plate- 7, Figs. 22 and 
23). 
5.5.4 Cicer arietinum L. var. P u s a - 2 5 6 treated wi th s o d i u m 
az ide 
Variety Pusa-256 was treated with different concentrations of 
sodium azide and meiotic abnormalities observed at various stages are 
described below: 
5.5.4.1 Ear ly p r o p h a s e - 1 
(i) Cytomixis 
Cytomixis was found at early prophase -I in low frequency in all 
the populations treated with various concentrations of SA. (Table-11). 
The percentage of cells showing cytomixis at early prophase-1 was found 
to increase with increasing concentrations of SA. 
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5.5.4.2 Diakinesis 
(i) Univalent and Trivalents 
At diakinesis univalents and trivalents were found in many cells 
and their frequency was found to increase with the increasing 
concentrations of sodium azide (Table - 11, Plate-8, Fig. 1). 
(ii) Two nucleolei 
Cells with two nucleolei were also seen at diakinesis in all the treated 
populations except in 0.01 and 0.02% concentrations of SA. Binucleolate 
condition was not observed in control plants. The percentage of cells 
showing binucleolate condition in treated population was found increasing 
with increase in concentration of SA. (Table-11). Data showed that 1.84% 
of cells showed binucleolate condition in population treated with 0.09% 
of sodium azide (Table-11). 
5.5.4.3 Metaphase-I 
Various types of meiotic abnormalities such as chromosome 
clumping, precaucious separation of chromosomes, univalents, 
multivalents and polar metaphases were found. The percentage of cells 
showing these abnormalities was recorded in Table - 1 1 . 
(i) Clumping 
Chromosomes at metaphase-I were clumped together so tightly that 
their counting was not possible and they formed a mass of chromatin. 
The clumping of chromosomes was not observed in 0.07, 0.08 and 0.09% 
SA. Clumping showed positive correlation with doses of sodium azide 
(Table-11). 
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(ii) Precaucious separation 
Precaucious separation of chromosomes at metaphase-I was seen 
in very low frequencies in all the treated populations. The cells showing 
precaucious separation were comparatively more in the population treated 
with higher concentrations of SA. (Table-11). 
(Hi) Univalents 
The univalents were seen at metaphase-1 in all the treated 
populations and their frequencies were found to increase with increasing 
concentrations of SA. The maximum frequency of univalents was found 
in 0.09% treatment (Table - 11, Plate-8, Figs2 and 3). 
(iv) Multivalents 
Trivalents, quadrivalents and hexavalent were found at metaphase-
lin almost all the populations treated with different concentrations of 
sodium azide (Plate- 8, Figs. 3, 4 and 5) The frequencies of various types 
of chromosomal associations at metaphase-1 were found to increase with 
increasing concentrations of SA (Table-11). 
(v) Polar metaphase 
Several pollen mother cells in all the treated populations 
chromosomes showed polar metaphases. The percentage of the cells 
showing polar metaphases in different treatments could not be determined 
due to lack of sufficient cells. 
5.5.4.4 Anaphase-I 
The following meiotic abnormalities were found in treated populations 
at anaphase - I. 
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(i) Chromosome clumping 
Cells with chromosome clumping with or without laggards were found in 
al the treated populations in various frequencies (Plate- 8, Fig. 6). The frequency 
of cells showing chromosome clumping was found to increase with increasing 
concentrations of sodium azide. (Table-11). 
(ii) Unequal distribution of chromosomes 
Unequal distribution of chromosomes at anaphase-1 was seen in 
populations treated with 0.01 to 0.07% concentrations of SA but this 
abnormality was not found in populations treated with 0.08 and 0.09% of 
SA. The frequency of cells showing unequal distribution of chromosomes 
has been recorded in Table-11. 
(iii) Bridges 
The chromatin bridges with or without fragments were observed in 
var. -256 treated with 0.01 to 0.06% SA (Plate- 8, Figs. 7 and 8). The 
frequency of cells showing chromatin bridges at anaphase-1 was less in 
var. Pusa-256 treated with SA in comparison to DES treatment of same 
variety (Table-11). 
(iv) Laggards 
Laggards were found at anaphase-1 in var. Pusa-256 treated (0.02 
to 0.09%) of sodium azide (Plate- 8, Fig. 8). The frequency of cells 
showing lagging chromosome was more in populations treated with higher 
concentration of SA (Table-11). 
(v) Polar anaphases 
The anaphase-1 configurations were found at one pole of the cell 
in the populations treated with 0.01 to 0 .1% concentrations of SA. The 
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percentage of such cells showing polar anaphases low in populations 
treated with lower concentrations and there percentage was increased 
gradually with increasing concentration of SA the maximum frequency of 
cells with this abnormality (3.72%) was found in 0.1% concentrations of 
SA. (Table-11). 
5.5.4.5 Telophase-I 
(i) Micronuclei 
The following meiotic abnormalities were found at telophase-1. The 
number of micronuclei found in different cells at telophase-1 was quite 
variable (Plate- 8, Figs. 10, 11 and 12). The frequency of cells showing 
micronuclei showed positive correlation with increasing concentrations 
of SA. The percentage of cells with micronuclei at T-I in different 
treatments was recorded in Table-11. The data shows 15.78 % cells with 
micronuclei in the population treated with 0.9% concentration of sodium 
azide (Table-11). 
(ii) Laggards 
Laggards were seen at T-1 in populations of var. Pusa-256 treated 
with 0.03 to 0.09% of SA. The frequency of cells showing laggards was 
more in higher concentrations of SA (Table-11). 
(Hi) Cytomixis 
Cytomixis at T-1 was seen in the populations treated with 0.03 to 
0.09% of SA. Cytomixis was increased with increasing concentrations of 
sodium azide (Table-II). The maximum frequency of cytomixis was found 
in 0.1% SA treatment. (Table-11). 
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5.5.4.6 Anaphase-II 
At anaphase-II, various types of meiotic abnormalities such as non-
synchronous division (Plate- 9, Figs. 13, 14), laggards (Figs. 15 to 19) 
were seen. The frequencies of cells showing all these abnormalities were 
found to increase with increasing concentrations of sodium azides (Table-
11). 
5.5.4.7 Telophase-II 
(i) Micronuclei 
Micronuclei were found at T-II in all the populations treated with 
sodium azide. There was significant variation in the number of micronuclei 
found in different pollen mother cells. It was found that with increasing 
concentrations of sodium azide, the number of micronuclei in the cells 
also increased. This shows that the micronuclei at telophase-II was dose 
dependent (Table-11, PlateS-9 and 10, Figs. 20 - 26). 
(ii) Cytomixis 
Cytoplasmic connection between two cells was found at telophase-
2 in the populations treated with all concentrations of SA except 0.01% 
(Plate- 10, Fig. 27). The percentage of cells showing cytomixis in different 
concentrations of SA has been given in Table-11. The higher concentrations 
of SA had greater effect on cytomixis. 
5.5.4.8 Tetrads 
(i) Micronuclei 
Microspores at tetrad stage had variable number of micronuclei 
(Plate- 10, Fig. 28). This meiotic abnormality was recorded in the 
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populations treated with 0.02 to 0.09% concentrations of SA (TableOl 1). 
The table shows that increasing concentrations of SA has positive effect 
on cells showing microspores with multiple micronuclei. 
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TABLE-1 
Effect of different concentrations of DES and SA on seed germination in Cicer aretinum L. 
vars. Avarodhi and pusa-256 (BOD Experiment) 
IVvatmmt 
Control 
DES(%) 
0.1 
02 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
S.A(%) 
0.01 
0.02 
0.03 
0.(M 
0.05 
0.06 
0.07 
0.08 
0.09 
0.1 
Na of seeds 
sown 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
VarAvarodhi 
No. of seeds 
germinated 
15 
18 
18 
18 
17 
15 
15 
O 
10 
3 
3 
14 
13 
13 
12 
11 
9 
9 
8 
8 
5 
Germination 
(%) 
83 
100 
100 
100 
94 
83 
83 
72 
55 
16 
16 
78 
72 
72 
67 
61 
50 
48 
44 
44 
27 
Inhibition 
(%) 
-
0 
0 
0 
6 
17 
17 
28 
45 
U 
84 
22 
28 
28 
33 
39 
50 
50 
56 
56 
73 
Van Pusa-256 
Na of seeds 
germinated 
14 
16 
16 
16 
15 
14 
12 
10 
9 
8 
8 
11 
11 
10 
9 
8 
6 
6 
5 
4 
-
Germination 
(%) 
78 
89 
89 
89 
83 
78 
67 
56 
50 
44 
44 
61 
61 
55 
50 
44 
33 
33 
Z7 
22 
-
Inhibition 
(%) 
-
11 
11 
11 
17 
22 
33 
44 
50 
56 
56 
39 
39 
45 
50 
56 
67 
67 
73 
78 
-
TABLE-2 
Eifect of different concentrations of DES and SA on seed germination in Cicer aretinum L. 
vars. Avarodhi and pusa-256 (Field Experiment) 
IVeatment 
Control 
DES(%) 
0.1 
02 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
A(%) 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
0.1 
Na of seeds 
sown 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
VarAvarodhi 
Na of seeds 
germinated 
14 
17 
18 
18 
13 
10 
9 
8 
6 
3 
2 
11 
9 
8 
4 
4 
3 
2 
1 
1 
1 
Gennination 
(%) 
77 
S4 
100 
100 
72 
56 
50 
45 
35 
17 
11 
61 
50 
44 
22 
22 
17 
11 
6 
6 
6 
Inhibition 
(%) 
-
6 
0 
0 
28 
44 
50 
56 
67 
83 
89 
39 
50 
56 
78 
78 
83 
89 
94 
94 
94 
Van Pusa-256 
Na of seeds 
germinated 
10 
13 
13 
12 
11 
10 
9 
9 
9 
7 
4 
9 
9 
7 
6 
4 
3 
2 
2 
1 
-
Germination 
(%) 
56 
72 
72 
67 
65 
56 
50 
50 
54 
39 
22 
50 
50 
39 
33 
22 
17 
11 
6 
6 
-
Inliibition 
(%) 
-
28 
28 
33 
35 
44 
50 
50 
56 
61 
78 
50 
50 
61 
67 
78 
83 
W 
94 
94 
-
TABLE-3 
Effect of different concentrations of DES and SA on height of Cicer arietinumJL. 
Vars. Avarodhi and Pusa-256 . 
Treatment 
CONTROL 
DES(%) 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
SA(%) 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
0.1 
Var .Avarodhi 
Mean + S.E 
(cm) 
66.72+ 0.84 
72.61 ji l .41 
85.60 + 0.60 
89.20 + 0.91 
74.41 + 0.55 
70.60 + 0.95 
6 1 . 8 1 J L 1 3 9 
54.01+0.61 
47.30 + 0.69 
40.50 + 0.06 
38.51+0.06 
66.61+0.82 
66.20 + 0.89 
73.60+1.80 
56.40 + 0.70 
56.0 + 0.90 
52.10jL0.90 
50.10 + 0.01 
44.20 + 0 
36.30 + 0 
32.10 + 0 
SD 
0.61 
3.14 
1.34 
2.03 
1.22 
2.13 
3.09 
1.36 
1.54 
0.14 
0.14 
1.84 
1.99 
4.01 
1.56 
2.49 
2.02 
0.03 
0 
0 
0 
cv 
1.02 
4.32 
1.57 
2.28 
1.64 
3.02 
4.99 
2.52 
3.26 
0.34 
0.36 
2.76 
3.01 
5.45 
2.77 
4.45 
3.88 
0.05 
0 
0 
0 
Var. Pusa-256 
Means +S.E 
(cm) 
77.10 + 0.87 
73.61+0.90 
90.02 + 0.55 
76.0 + 0.99 
69.41 + 1.16 
63.20 + 0.89 
47.41 + 0.86 
43.61+0.97 
38.10 + 0.63 
34.50 + 0.57 
26.25+1.33 
63.21J:1.79 
52.22 +2.71 
65.41 + 3.18 
51.83+1.89 
48.31+2.48 
42.60Jj 1.69 
40.31+0.60 
39.83 + 0 
40.21 + 0 
-
SD 
1.94 
2.01 
1.23 
2.23 
2.59 
1.99 
1.91 
2.17 
1.41 
1.28 
2.96 
3.99 
6.05 
7.10 
3.55 
5.53 
3.77 
1.35 
0 
0 
-
CV 
2.52 
2.73 
1.37 
2.9 
3.73 
3.15 
4.03 
4.98 
3.70 
3.71 
1.28 
6.31 
11.58 
10.86 
6.86 
11.45 
8.85 
3.35 
0 
0 
-
TABLE -4 
Effect of different concentrations of DES and SA on number of branches per 
plant, Number of flowers per plant and days to flowering in Cicer arietinum_h. 
Vars. Avarodhi and Pusa-256 . 
Treatment 
CONTROL 
DES(%) 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
SA(%) 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
0.1 
Var.Avarodhi 
No of branches 
Per plant 
8.6 
9.3 
10.6 
11.9 
9.2 
9.0 
8.3 
8.0 
7.9 
6.8 
6.2 
8.3 
8.2 
7.6 
7.3 
7.2 
6.5 
6.4 
5.9 
5.3 
5.2 
Days to 
flowering 
86 
90 
90 
90 
91 
91 
92 
93 
93 
95 
96 
99 
99 
100 
100 
101 
102 
102 
102 
103 
103 
No of flowers 
Per plant 
47.3 
55.2 
55.2 
59.3 
56.3 
53.9 
53.2 
52.9 
50.5 
43.9 
32.6 
39.3 
37.6 
57.3 
33.5 
30.9 
26.8 
24.3 
24.1 
22.6 
22.3 
No of branches 
flowering 
9.5 
12.4 
12.4 
16.7 
10.7 
8.8 
89 
7.2 
7.4 
6.6 
6.2 
9.8 
9.3 
9.2 
8.6 
8.3 
8.2 
7.2 
7.1 
9.9 
-
Var. Pusa-256 
Days to 
per plant 
95 
92 
92 
91 
95 
95 
96 
97 
97 
98 
98 
95 
95 
100 
100 
101 
101 
101 
103 
103 
-
No of flowers 
50.6 
66.7 
76.5 
79.6 
66.5 
60.5 
59.6 
56.3 
55.2 
49.3 
33.4 
46.5 
39.9 
38.8 
36.5 
29.7 
26.8 
24.3 
24.0 
23.0 
-
TABLE-5 
Effect of different concentrations of DES and SA on days to fniting, number of pods per 
plant and number of seeds per plant and 100 seeds weight of Cicer arietnum L. Vars. 
Avarodhi and Pusa - 256 
Treatment 
CONTROL 
DES(%) 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
SA(%) 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
0.1 
Days to 
fruiting 
102 
108 
108 
108 
110 
110 
112 
112 
112 
113 
113 
107 
107 
107 
108 
108 
108 
109 
109 
110 
111 
van Avarodhi 
Number 
of pods 
per Plant 
46.2 
52.9 
52.8 
56.3 
52.3 
52.0 
48.4 
48.0 
45.9 
41.0 
28.1 
31.3 
29.4 
40.3 
28.5 
26.56 
26.31 
22.6 
22.3 
20.3 
19.1 
Number 
of seeds 
per plant 
59.9 
69.8 
65.6 
60.9 
59.3 
54.2 
54.16 
49.9 
48.6 
47.4 
33.4 
43.9 
40.8 
69.8 
38.5 
29.3 
29.1 
23.2 
22.4 
21.0 
20.1 
100-seeds 
weight 
(gm) 
17.8 
18.9 
19.8 
20.9 
18.1 
17.8 
16.2 
15.9 
13.9 
13.1 
13.0 
16.9 
15.3 
14.9 
13.6 
13.5 
13.0 
12.9 
10.9 
10.1 
9.8 
days to 
fruiting 
106 
101 
102 
103 
103 
107 
107 
108 
109 
109 
111 
101 
102 
102 
107 
107 
108 
108 
109 
115 
-
var. pusa-256 
Number 
of pods 
per plant 
48.30 
60.0 
68.4 
69.9 
60.0 
53.1 
53.0 
52.1 
42.3 
39.8 
28.5 
45.8 
35.6 
33.4 
26.9 
26.0 
23.1 
23.0 
22.8 
20.9 
-
Number 
of seeds 
per plant 
60.8 
78.9 
79.8 
80.1 
76.6 
70.6 
68.8 
58.3 
55.6 
51.0 
34.1 
50.8 
49.3 
46.6 
39.6 
35.3 
26.2 
25.3 
20.9 
20.8 
-
100-seeds 
weight 
(gm) 
18.7 
19.8 
20.9 
23.0 
18.8 
18.1 
17.3 
17.2 
16.3 
14.9 
12.0 
17.8 
17.1 
16.9 
15.6 
15.0 
14.8 
14.1 
12.9 
12.1 
-
TABLE-6 
Effect of different concentrations of DES and SA on length of pods of Cicer arietinum L. 
Vars. Avarodhi and Pusa-256 
Treatment 
CONTROL 
DES(%) 
0.1 
0.1 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
S.A(%) 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
0.1 
Van Avarodh: 
Mean + S.E. 
1.95 + 0.002 
1.95 ±0.002 
1.95 ± 0.002 
1.94 ±0.004 
1.94 ±0.004 
1.79 ±0.014 
1.78 ±0.026 
1.76 ±0.029 
1.63 ±0.041 
1.54 ±0.009 
0.90 ±0.035 
1.95 ±0.003 
1.91 ±0.008 
1.84 ±0.004 
1.82 ±0.009 
1.74 ±0.011 
1.61 ±0.026 
1.53 ±0.004 
1.49 ±0.000 
1.21 ±0.000 
0.90 ± 0.000 
S.D. 
0.005 
0.005 
0.005 
0.008 
0.008 
0.032 
0.058 
0.066 
0.092 
0.012 
0.005 
0.007 
0.017 
0.008 
0.019 
0.026 
0.008 
0.005 
0.000 
0.000 
0.000 
•-
c.v. 
0.246 
3.805 
1.776 
2.591 
0.412 
1.788 
3.258 
3.750 
5.640 
0.828 
0.556 
0.357 
0.890 
0.435 
1.044 
1.494 
0.497 
0.327 
0.000 
0.000 
0.000 
Van Pusa-256 
Mean + S.E. 
2.07 ±0.025 
2.18 ±0.025 
2.36 ±0.036 
2.38 ±0.004 
2.03 ±0.012 
1,97 ±0.006 
1.95 ±0.003 
1.76 ±0.009 
1.48 ±0.021 
1.36 ±0.081 
1.25 ±0.025 
1.96 ±0.002 
1.91 ±0.003 
1.87 ±0.004 
1.81 ±0.003 
1.75 ±0.009 
1.68 ±0.004 
1.50±0.130 
1.36 ±0.000 
1.00 ±0.000 
-
S.D. 
0.057 
0.066 
0.079 
0.073 
0.07 
0.013 
0.006 
0.022 
0.047 
0.025 
0.035 
0.007 
0.007 
0.008 
0.006 
0.021 
0.008 
0.021 
0.000 
0.000 
-
C.V. 
2.75 
3.027 
3.347 
3.151 
1.33 
0.659 
0.306 
1.236 
3.154 
1.838 
2.800 
0.357 
0.336 
0.428 
0.331 
1.200 
0.485 
1.735 
-
-
-
TABLE-7 
Effect of different concentrations of DES and SA on pollen fertility of Cicer arietinum L. 
Vars. Avarodhi and Pusa-256 
Treatment 
CONTROL 
DES(%) 
0.1 
0.1 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
S.A(%) 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
Var. Avarodhi 
Mean + S.E. 
99.39 ±0.C79 
99.68 ±0.011 
99.91 ±0.002 
99.98 ±0.007 
98.82 ±0.042 
98.32 ±0.083 
97.29 ±0.225 
96.68 ± 0.007 
96.68 ±0.676 
89.59 ±0.272 
66.86 ±0.078 
99.25 ±0.117 
98.69 ± 0.043 
97.87 ±0.027 
85.94 ±0.162 
77.62 ±0.071 
66.74 ± 0.006 
54.95 ± 0.005 
46.69 ± 0.000 
43.44 ±0.000 
0.132.31 
S.D. 
0.177 
0.224 
0.061 
0.016 
0.054 
0.186 
0.502 
2.246 
1.508 
2.544 
0.103 
0.262 
0.096 
0.059 
0.361 
0.158 
0.014 
0.011 
0.000 
0.000 
±0.000 
C.V. 
0.178 
0.225 
0.061 
0.016 
0.055 
0.191 
0.575 
3.028 
2.296 
4.269 
0.181 
0.265 
0.097 
0.060 
1.420 
1.204 
0.021 
0.020 
0.000 
0.000 
0.000 
Var Pusa-256 
Mean + S.E. 
99.56 ±0.133 
99.66 ±0.101 
99.75 ±0.078 
99.82 ± 0.024 
97.39 ±0.069 
86.46 ± 0.053 
86.17 ±0.029 
85.97 ±0.071 
75.05 ±0.149 
66.64 ±0.677 
66.38 ±0.191 
99.29 ±0.119 
99.25 ±0.117 
98.34 ±0.081 
87.24 ± 0.088 
84.49 ± 0.059 
73.16±0.127 
60.54 ±0.075 
50.00 ± 0.000 
38.55 ±0.000 
0.000 
S.D. 
0.297 
0.224 
0.174 
0.054 
0.154 
0.119 
0.064 
0.157 
0.334 
1.509 
0.427 
0.264 
0.262 
0.181 
0.197 
0.131 
0.220 
0.106 
0.000 
0.000 
-
C.V. 
0.299 
0.225 
0.174 
0.055 
0.158 
0.138 
0.074 
0.183 
0.445 
2.264 
0.643 
0.266 
0.264 
0.184 
0.226 
0.155 
0.301 
0.175 
0.000 
0.000 
-
TABLE - 8 A 
The Frequency (%) of plants with morphological abnormalities induced by 
DES in Cicer arietinum L. var. Avarodhi. 
Treat-
ment 
Control 
DES(%) 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
No of 
plants 
grown 
14 
17 
18 
18 
13 
10 
8 
6 
5 
3 
2 
Survivality of 
chlorophyll 
mutants 
No. 
-
-
-
-
-
1 
2 
-
-
-
-
% 
-
-
-
-
-
10 
25 
-
-
-
-
Plants si 
Chlorophyl 
Chlorina 
No. 
-
6 
5 
4 
2 
1 
-
-
-
-
-
% 
-
35 
27 
22 
15 
10 
-
-
-
-
-
lowing 
mutation 
Xantha 
No. 
-
2 
3 
-
-
2 
2 
-
-
-
-
% 
-
11 
17 
-
-
20 
25 
-
-
-
-
Plants with 
one sided 
leaflets 
No 
-
6 
-
-
4 
-
2 
1 
1 
-
-
% 
-
35 
-
-
30 
-
25 
16 
20 
-
-
Plants 
with 
prostrate 
habits 
No 
-
-
-
-
-
-
1 
2 
3 
2 
-
% 
-
-
-
-
-
-
12.5 
33.3 
60.0 
66.7 
-
TABLE - 8 B 
The Frequency of various morphological abnormalities induced by SA 
in Cicer areitinum L. van Avarodhi 
Treat-
Ments 
Control 
SA(%) 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
0.1 
No. of 
plants 
grown 
17 
11 
9 
8 
4 
4 
3 
2 
1 
1 
1 
Plants with 
reduced no of 
leaflets 
No. 
-
-
-
-
-
-
2 
2 
1 
1 
1 
% 
-
-
-
-
-
-
67 
100 
100 
100 
100 
Plants with cluster 
of 3-4 leaflets 
No. 
-
-
-
-
-
1 
-
-
-
1 
1 
% 
-
-
-
-
-
25 
-
-
-
100 
100 
Plants with highly 
reduced size of 
leaflets 
No. 
-
-
-
-
-
-
% 
-
-
-
-
-
-
33.33 
50.00 
100 
100 
100 
Plants 
with one 
sided leaflets 
No. 
-
-
2 
2 
2 
2 
3 
-
-
1 
1 
% 
-
-
22 
25 
50 
50 
100 
-
-
100 
100 
TABLE-9A 
The Frequency (Vo) of various morphological abnormalities induced by 
DES in Cicer ariettnum L. var. Pusa-256 
Treat-
ments 
Control 
DES 
(%) 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
No of 
Plants 
grown 
10 
13 
13 
12 
12 
10 
9 
9 
8 
7 
4 
Plants with 
cluster of 3-4 
leaflets 
No. 
-
-
-
4 
2 
1 
-
-
-
-
-
% 
-
-
-
33.33 
16.66 
10.00 
-
-
-
-
-
Plants with 
highly reduced 
size of leaflets 
No. 
-
-
-
-
-
-
-
-
-
2 
1 
% 
-
-
-
-
-
-
-
-
-
28.57 
25.00 
Plants with 
reduced no. 
of leaflets 
No. 
-
-
-
-
-
6 
4 
4 
3 
2 
1 
% 
-
-
-
-
-
60.00 
44.44 
44.44 
37.50 
28.57 
25.00 
Chlorophyll mutation 
Chlorina 
No. 
-
-
2 
4 
4 
-
-
-
-
-
-
% 
-
-
15.38 
33.33 
33.33 
-
-
-
-
-
-
Xantha 
No 
-
-
2 
1 
1 
-
-
-
-
-
-
% 
-
-
15.388 
8.33 
8.33 
-
-
-
-
-
-
Survivality 
chloro-
phyll 
mutants 
No. 
-
-
2 
-
1 
-
-
-
--
-
-
% 
-
-
[5.38 
-
8.33 
-
• 
-
-
-
-
TABLE - 9 B 
The frequency (%) of plants with morphological abnormalities 
induced by SA in Cicer arietinum L. var. Pusa- 256 
Treat-
ments 
Control 
SA(%) 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0,07 
0.08 
0.09 
1.0 
No. of 
plants 
grown 
10 
9 
9 
7 
6 
4 
3 
2 
1 
1 
-
Plants with 
reduced 
number of 
leaflets 
No. 
-
' 
-
-
2 
2 
3 
-
-
-
-
% 
-
-
-
-
33.33 
50.00 
100 
-
-
-
-
Plants with one 
sided leaflets 
No, 
-
-
4 
4 
3 
3 
3 
-
-
-
-
% 
-
-
44.44 
57.14 
66.66 
75.00 
100 
-
-
-
-
Chlorophyll 
mutation 
Chlorina 
No. 
-
-
2 
-
1 
1 
-
-
-
% 
-
-
-
-
33.33 
-
33.33 
50.00 
-
-
-
Plants with 
Cluster of 3-4 
leaflets 
No. 
-
-
-
-
-
3 
2 
1 
-
-
-
% 
-
-
-
-
-
75.00 
66.66 
50.00 
-
-
-
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Figure-A 
Effect of different concentrations of DES on seed 
germination in Cicer arietinum L. vars. Avarodiii 
and Pusa-256 (BOD experiment). 
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Figure-B 
Effect of different concentrations of SA on seed 
germination in Cicer arietinum L. vars. Avarodhi 
and Pusa-256 (BOD experiment). 
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O) 
-Var Avarodhi 
•Var Pusa-256 
Concentrations of SA 
Figure- C 
Effect of different concentrations of DES on seed 
inhibition in Cicer arietinum L. vars. Avarodhi 
and Pusa-256 (BOD experiment). 
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Figure- D 
Effect of different concentrations of SA on seed 
inhibition in Cicer arietinum L. vars. Avarodhi and 
Pusa-256 (BOD experiment). 
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Figure- E 
Effect of different concentrations of DES on heiglit of 
Cicer arietinum L.vars. Avarodhi and Pusa-256 
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Figure- F 
Effect of different concentrations of SA on 
height of Cicer arietinum L. vars. Avarodhi 
and Pusa-256 
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Figure- G 
Effect of different concentrations of DES on 
pollen fertility of Cicer arietinum L. vars. AvarodhI 
and Pusa-256 
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Figure-H 
Effect of different concentrations of SA on 
pollen fertility of Cicer arietinum L. vars. 
Avarodhi and Pusa-256 
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EXPLANATION OF PLATE - 1 A 
Effect of different concentrations of DES on the height of Cicer arietinum L. 
var. Avarodhi. 
Fig. 1. A : Control plants. 
B : treated with 0.1% DES 
C : treated with 0.2% DES (Enhancement in height) 
Fig. 2. A : treated with 0.3% DES (Enhancement in height) 
B : treated with 0.4 % DES 
C : treated with 0.5 % DES 
PLATE -1 A 
EXPLANATION OF PLATE - I B 
Effect of different concentrations of DES on the height oi Cicer arietinum 
L. var. Avarodhi. 
Fig. 3. A : treated with 0.6% DES. 
B : treated with 0.7% DES. 
C : treated with 0.8% DES. 
Fig. 4. A : treated with 0.9%) DES 
B : treated with 1.0 % DES 
PLATE -1 B 
EXPLANATION OF PLATE - 2A 
Effect of different concentrations of DES on the height of Cicer arietinum 
L. var. Pusa - 256. 
Fig. 1. A : Control plants. 
B : treated with 0.1% DES 
C : treated with 0.2% DES (enhancement in the height). 
Fig. 2. A : treated with 0.3% DES (enhancement in the height). 
B : treated with 0.4% DES 
C : treated with 0 .5% DES 
PLATE - 2 A 
KXPLANATION OF PLATE - 2B 
Effect of different concentrations of DES on the height of Cicer arietinum 
L. var. Pusa - 256. 
Fig. 3. A : treated with 0.6% DES. 
B : treated with 0.7% DES. 
C : treated with 0.8% DES. 
Fig. 4. A : treated with 0.9% DES 
B : treated with 1.0 % DES (highly reduced height). 
PLATE - 2 B 
EXPLANATION OF PLATE - 3A 
Effect of different concentrations of SA on the height of Cicer arietinum 
L. var. Avarodhi. 
Fig. 1. A : Control plants. 
B : treated with 0.01% SA 
C : treated with 0.02% SA 
Fig. 2. A : treated with 0.03% SA (enhancement in the height) 
B : treated with 0.04 % SA 
C : treated with 0.05 % SA 
PLATE - 3 A 
EXPLANATION OF PLATE - 3B 
Effect of different concentrations of SA on the height of Cicer arietinum 
L. var. Avarodhi. 
Fig. 3. A : treated with 0.06% SA 
B : treated with 0.07% SA 
C : treated with 0.08% SA 
Fig. 4. A : treated with 0.09% SA 
B: treated with 0.1% S A (maximum reduction in the height of plant). 
PLATE - 3 B 
EXPLANATION OF PLATE - 4 
Effect of different concentrations of SA on the height of Cicer arietinum 
L. var. Pusa-256. 
Fig. 1. A : Control plants. 
B : treated with 0.01% SA 
C : treated with 0.02% SA 
Fig. 2. A : treated with 0.03% SA 
B : treated with 0.04 % SA 
C : treated with 0.05 % SA 
Fig. 3. A : treated with 0.06 % SA 
B : treated with 0.07 % SA 
C : treated with 0.08 % SA 
D : treated with 0.09 % SA 
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EXPLANATION OF PLATE - 5 
Effect of different concentrations of DES and SA on the size of fruits 
of Cicer arietinum L. vars. Pusa-256. and Avarodhi 
Fig. 1. Showing size of fruits in var. Pusa- 256 treated with 0.2% DES 
(larger fruit size) and 0.3% DES (larger fruit size) along with control 
Fig. 2. Showing size of fruits in var. Pusa- 256 treated with 0.06% SA 
(reduced size of fruit) along with control) 
Fig. 3. Showing size of fruits in var. Avarodhi treated with 0.08% and 
0.09% SA (highly reduced size of fruits) along with control. 

EXPLANATION OF PLATE - 6 
Effect of different concentrations of DES and SA on the Morphology 
of size, shape and number of leafletsof Cicer anetinum L. vars. Avarodhi 
Pusa-256. 
Fig. 1. A twig showing in the reduction ofleaflets (0.8% DES) along with 
control 
Fig. 2. Twigs of var. Pusa -256 showing reduction in the number and size of 
leaflets on one side of leaf (0.9% DES ) along with control 
Fig. 3. Twigs of var. Avarodhi showing reduction in the number and size of 
leaflets on one side of leaf (0.06% SA) along with control 
Fig. 3. Twigs of var. Pusa - 256 showing notched leaflets and reduction in 
the number of leaf (0.06% SA) along with control 
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EXPLANATION OF PLATE - 7A 
Effect of DES on Cicer anetinum L. var. Avarodhi showing chlorophyll 
mutation and habit of plant. 
Fig. 1. var. Avarodhi (control) 
Fig. 2. Chlorophyll mutation-Chlorina (DES - 0.2%) 
Fig. 3. Chlorophyll mutation-Xantha (DES - 0.5%) 
Fig. 4. A variant of var. Avarodhi showing semi prostrate habit (DES - 0.7%) 
PLATE - 7 A 
EXPLANATION OF PLATE - 7B 
Effect of DES and SA on the habit of plant and morphology of leaf of 
Cicer arietinum L. var. Avarodhi. 
Fig. 5. A : Control plants 
B : A variant showing semi prostrate habit (0.8% -DES) 
Fig. 6. A variant of var. Avarodhi showing clusture of 3 leaflets (0.05% - SA) 
Fig. 7. A variant of var. Avarodhi showing clusture of 4 leaflets of different 
sizes (0.09% - SA) 
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EXPLANATION OF PLATE - 8A 
Effect of DES on Chlorophyll mutation in Cicer arietinum L. var. Pusa - 256 
Fig. 1. Control plants 
Fig. 2. A variant of var. Pusa - 256 showing Chlorophyll mutation - Xantha type 
(0.2% DES) 
Fig. 3. A variant of var. Pusa - 256 showing Chlorophyll mutation - Chlorina 
type (0.3% DES) 
P L A T E - 8 A 
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EXPLANATION OF PLATE - 8B 
Effect of DES and SA on the leaf morphology and Chlorophyll mutation in 
Cicer arietinum L. var. Pusa - 256. 
Fig. 4, Showing reduction in number of leaflets (0.4% DES) 
Fig. 5. Showing withering of Chlorophyll mutants 
Fig. 6. Showing Chlorophyll mutation (Chlorina type), reduction in the size 
of leaflets on side only (0.05% and 0.07% SA respectively) 
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EXPLANATION OF PLATE - 1 
(Figs. 1-15) 
Meiotic abnormalities induced by different concentrations of DES in Cicer 
• arietinum L. var Avarodhi. 
Fig. 1. Prophase stage (control) 
Fig. 2. Pollen mother cells at diakinesis showing single nucleolus in each cell 
(control) 
Fig. 3. Metaphase -1 showing 8 bivalents (control) 
Fig. 4. Anaphase -1 showing equal distribution (8 ; 8) of Chromosomes at 
poles (control) 
Fig. 5. T -1 (control) 
Fig. 6. A - TI (control) 
Fig. 7. T - II (control) 
Fig. 8. Showing cytomixis and chromatin material in the process of migration 
from one cell to other cell at early prophase 
Figs. 9 & 10. Pollen mother cells at diakinesis showing 2 nucleoli 
Figs. 11 & 12. Metaphase -1 showing chromosome clu mping 
Figs. 13. Showing polar metaphase -1 and precaucious seperation of 
chromosomes 
Figs. 14. Metaphase -1 showing 2 I + 7 II 
Figs. 15. Metaphase -1 showing 41 + 6II 
PLATE-1 
EXPLANATION OF PLATE -2 
(Figs. 16-27) 
Meiotic abnormalities induced by different concentrations of DES in Cicer 
arietinum L. var. Avarodhi. 
Fig. 16. Metaphase -1 showing clumping of bivalents in different groups 
Fig. 17. Metaphase -1 showing 11 + 6II + 1 111 
Fig. 18. Metaphase -1 showing 6II + 1IV 
Fig. 19. Metaphase -1 showing clumpingof bivalents in different groups at 
one pole side 
Fig. 20. Showing univalents and bivalents at one pole. 
Fig. 21. Showing chromosome clumping at A - 1 (0.4 % DES ) 
Fig. 22. A -1 showing one chromatil bridge and 2 laggards (0.7% DES) 
Fig. 23. A -1 showing unequal distribution of chromosomes 
Figs. 24. A -1 showing 2 laggards (0.5 % DES) 
Figs. 25. A -1 showing laggards and clumping of some chromosomes at the pole 
Figs. 26. T -1 showing 3 nuclei 
Figs. 27. T -1 showing micronuclie 
PLATE-2 
EXPLANATION OF PLATE -3 
(Figs. 28-39) 
Meiotic abnormalities induced by different concentrations of DES in Cicer 
arietinum L. var. Avarodhi. 
Fig. 28. T - 1 showing several micro nuclei at one pole 
Fig. 29. A - II showing chromosome clumping and a laggard 
Fig. 30. A - II showing crhomosomes in 3 groups 
Figs. 31 & 32. A - II showing chromosome clumping and chromatin bridge 
Fig. 33. T -11 showing tripoloar condition with micro nuclei 
Fig. 34. T - II with 2 fragments 
Fig. 35. T - II with 4 micronuclei 
Fig. 36. T - II with 8 micronuclei 
Figs. 37. T-II with 13 micronuclei (1.0% DES) 
Figs. 38. Cytomixis at T - II showing migration of chromatin material (0.6 % DES) 
Figs. 39. A tetrad showing micronuclei (0.9% DES) 
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EXPLANATION OF PLATE -4 
(Figs. 1-12) 
Meiotic abnormalities induced by different concentrations of DES in Cicer 
arietimim L. var. Pusa. - 256 
Fig. 1. Pollen mother cells showing 8 bivalents at diakinesis (control) 
Fig. 2. Showing pollen mother cells with 2 nucleolei at diakinesis (0.6 % DES) 
FigS. 3 & 4. Pollen mother cells at metaphase -1 showing chromosome 
clumping 
Figs. 5. Metaphase -1 showing linear quadrivalents. 
Fig. 6. A -1 showing chromosme clumping 
Fig. 7. A -1 showing 2 laggards and chromosome clumpping 
Fig. 8. A -1 showing 6:10 distribution at poles (0.7 % DES) 
Fig. 9. A -1 showing chromosome clumping and chromating bridge 
Fig. 10. A -1 with 2 bridges 
Figs. 11 & 12. A -1 showing chromosome clumping and laggards 
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EXPLANATION OF PLATE -5 
(Figs. 13-23) 
Meiotic abnormalities induced by different concentrations of DES in Cicer 
arietimim L. var. Pusa. - 256 
Fig. 13. T -1 with micronuclei 
Figs. 14 & 15. A - II with 1 chromatin bridge 
FigS. 16. A - II with 3 groups of chromosomes and laggards 
Figs. 17. A - II showing laggards and unequal distribution of chromosomes 
Fig. 18. A - II showing non-synchronous division of chromosomes and laggards 
(0.5% DES) 
Figs. 19 - 21. T-II showing micronuclei 
Figs. 22 & 23. Tetr^with micronuclei (0.6 % DES) 
PLATE-5 
EXPLANATION OF PLATE -6 
(Figs. 1-12) 
Meiotic abnormalities induced by different concentrations of SA in Cicer 
arietimim L. var. Avarodhi 
Fig. 1. Showing cytomixis at early prophase 
Figs. 2. Metaphase -1 showing bivalents and clumping of chromosomes in 4 
groups 
Fig. 3. Methaphase -1 showing clumping of chromosome and a fragment 
Figs. 4. Metaphase -1 showing fragment and precaucious separation of 
chromosomes (0.06 % SA) 
Fig. 5. Metaphase -1 showmg univalents, bivalents and quadrivalents 
Fig. 6. Metaphase -1 showing univalents, bivalents and trivalents (0.07 % SA) 
Fig.7. Metaphase -1 showing univalents, trivalents and hexavalents (0.08 % SA) 
Fig. 8. Metaphase -1 showing leaner tateravalents, (0.06 % SA) 
Fig. 9. Metaphase -1 showing disorientation of bivalents (0.04 % SA) 
Fig. 10. Cytomixis between 2 cells M -1 and T -1 (0.09 % SA) 
Figs. 11 & 12. A -1 showing laggard and chromosome clumping 
PLATE-C 
EXPLANATION OF PLATE -7 
(Figs. 13-23) 
Meiotic abnormalities induced by different concentrations of SA in Cicer 
arietinum L. var. Avarodhi 
Fig. 13. A -1 showing 9 : Vdistribution of chromosomes (0.05 % SA) 
Figs. 14. A-1 with chromatin bridge (0.1%SA) 
Fig. 15. A -1 showing 3 laggards and unequal distribution of chromosomes 
( 0.1 % SA) 
Figs. 16 - 18. T -1 with micronuclei 
Figs. 19 - 21 . T - II with several micronuclei 
Fig. 22. Triad 
Fig.23. Triad with 4 micronuclei (0.07 %) 
PLATE-8 
EXPLANATION OF PLATE -8 
(Figs. 1-12) 
Meiotic abnormalities induced by different concentrations of SA in Cicer 
arietinum L. var. Pusa - 256 
Fig. 1. Diakinesis showing 1 I + 6 II + 1 III (0.06 % SA) 
Figs. 2. Metaphase -1 showing 4 I + 6II (0.07 % SA) 
Fig. 3. Metaphase -1 showing 3 I + 5 II + 1 III (0.09 % SA) 
Fig. 4, Metaphase -1 showing 21 + 5 II + IIV (0.08 % SA) 
Fig. 5. Metaphase -1 showing III + 1 VI (0.1 % SA) 
Fig. 6. A -1 with clumped chromosomes 
Figs. 7 & 8. A -1 with bridge and laggards (0.03 % SA) 
Fig. 9. A -1 with 3 linear groups of clumped chromosomes 
Fig. 10 - 12. T -1 with several micronuclei 
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EXPLANATION OF PLATE -9 
(Figs. 13-24) 
Meiotic abnormalities induced by different concentrations of SA in Cicer 
arietinum L. var. Pusa - 256 
Figs. 13 & 14. A - II showing non synchronous division (0.05% SA) 
Figs. 15. A - II showing non synchronous division with 2 laggards (0.07% SA) 
Fig. 16 - 18. A - II wtih laggards 
Fig. 19. Tripolar A - II (0.0 5% SA) 
Figs. 20 -24 . T - II with micronuclei and chromosome clumping 
PLATE-9 
EXPLANATION OF PLATE -10 
(Figs. 25-28) 
Meiotic abnormalities induced by different concentrations of SA in Cicer 
arietinum L. var. Pusa - 256 
Figs. 25 & 26. T - II with micronuclei 
Fig. 27. Cytomixis and migration of micro nuclei at T - II (0.07 % SA) 
Fig. 28. Tetrad with micronuclei (0.08 % SA) 
PLATE-10 

D ISCUSSION 
Mutagenesis has been proved to be a handy tool to enhance the 
natural mutational rate and thereby enlarging the genetic variability and 
increasing its scope for obtaining the desired selections. Improvement of 
the cultivated plants largely depends on the extent of genetic variability 
available within the species. Induction of micromutations in the polygenic 
system, controlling the quantitative characters is important for crop 
improvement. Mutation is the ultimate source of all the variations. With 
the aid of chemical mutagens, specially the alkylating agents, new variation 
may be created, which is followed by selection and may lead to the 
development of new improved variety of crop plant. The present discussion 
is mainly concerned to the effect of mutagens DES and SA on seed 
germination, plant morphology and cytology of Cicer aritinum L. var. 
Avarodhi and var. Pusa-256. The following reasons and explanations 
regarding the mutagenic effect have been discussed. 
6.1 Seed germination 
The test of germination is an important parameter to estimate the 
effects of the mutagens on the metabolism resumed after a period of 
dormancy. It was found in the present investigation that lower 
concentrations of DES (i.e. 0.1, 0.2, 0.3%) had enhancing effect on seed 
germination and further increase in concentration showed reduction in 
seed germination in var. Avarodhi and var. Pusa-256, . However, in case 
of SA treated populations of var. Avarodhi and Pusa-256 increasing 
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concentratrion of SA had decreasing effect on seed germination and a 
linear relationship between seed germinations and doses of SA was found. 
The reduction and enhancement in germination in comparison to 
control depends upon types and concentrations of mutagens, certain 
environmental factors also affect the process of germination. Shakoor et. 
al. (1978) and Subramaniam (1980) observed a depressed germination 
after the mutagenic treatments in mungbean. On the contrary Fuji and 
Matsumura (1958) reported enhancement in germination percentage at 
certain dose levels. Sinha and Godward (1972) observed the stimulatory 
effect of lower doses on the germination percentage. Aman (1986) reported 
that indogenous growth regulators play an important role in germination 
of seeds and there was existence of a balance between promoters and 
inhibitors. Meharchandani (1975) reported that reduction in germination 
may be due to disturbance in the balance between promoters and inhibitors 
probably in favour of inhibitory substance. 
In the present investigation lower doses of DES had enhanced the 
percentage of germination. This may be due to the effect of lower doses 
on the balance between promoter and inhibitor in favour of promoter 
substances and the reduction in germination may be due to the effect of 
these concentrations on balance which may be in favour of inhibitory 
substances. In case of sodium azide treatment, enhancing effect was not 
found and the effect of each concentration of SA was in favour of inhibitory 
substances which inhibited the ggermination percentage in each case in 
comparison to control. 
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6.2. Survivality (%). 
In the present investigation survivality loss (%) was found only in 
DES treated populations of both the varieties (Avarodhi and Pusa-256) of 
chickpea. This loss was found in low percent in 0.5 and 0.6 % DES treated 
populations of var. Avarodhi and 0.3 and 0.6% DES treated populations 
of var. Pusa-256. 
Reduction in survivality (%) of seedings was observed by Bhaskaran 
and Swaminathan (1961), Michaelsen euid Navaratana (1968), Wuu and 
Grant (1967) and Amer and Farah (1974) by using insecticides. 
Sojodin (1962) observed the embryonal damage due to mutagen at 
later stages of ontogenesis and considered that this may be due to disturbed 
metabolic processes or some chromosomal aberration leading to meiotic 
arrest. 
6.3. Leaf abnormalities 
In the present study, abnormalities like one sided pinnae, reduction 
in total number of leaflets, heart-shaped leaflets, crown of pinnae of 
different sizes at the apex curved leaves with very small pinnae on one 
side found in both the varieties treated with different concentrations of 
DES and SA and their percentage increased with increasing concentration 
of the mutugens. 
Fowler and Stephensson (1972) in Brassica napus. Ram Mohan 
(1979) in Vigna Sinensis, and Grover and Virk (1984) observed similar 
type of leaf abnormalities induced by chemical mutagens. Hegon and 
Funkel (1958) reported that leaf abnormalities were due to increase in on 
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free amino acid content of the leaves. According to Blixt (1972a), the 
various types of leaf aberrations seemed to be the actual mutation process 
in the leguminous plants Bankowska and Rymza (1970) reported that 
various types of leaf abnormalities were due to cellular damage, which 
resulted in the alteration of metabolism. Rao et al. (1972) opined that 
leaf abnormality was due to several environmental factors such as fertility 
of soil and availability of water. 
Singh and Raghuvanshi (1985a, 1987) observed that the leaflet 
number may be governed by recessive mutation of a single gene and 
various shapes of the leaves were due to inhibition of activity of dividing 
apical cells and subsidiary cells. 
6.4 Chlorophyll mutations 
In the present case chlorophyll mutations (chlorina and xantha) were 
found in DES treated populations of both the varieties and chlorophyll 
mutation (Chlorina type) was also found in SA treated populatins of var 
Pusa -256. It was supposed that the rate of chlorophyll mutation is a 
critical parameter to determine the effectiveness and efficiency of different 
mutagens. Alkylating agents induce less drastic chlorophyll mutation such 
as albina in higher proportion than those induced by radiations probably 
because of their less drastic effect of alkylating agents on chromosomes. 
The present findings is in confirmity with the finding of Blixt et. al. (1963), 
Blixt (1972a,b), Gotschalk and Muller (1964), Wellensiek (1965), Kivi 
(1965) and Siddiqui et al. (1970). Kalpan (1954) reported that 
chromosomal aberrations were responsible for induction of chlorophyll 
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mutation. 
Welling and Gottschalk (1961) emphasized that chlorophyll 
mutations could arise as a result of chromatid anomalies and not due to 
chromosomal aberration. Swaminathan (1970) suggested that the genes 
contributing chlorophyll characters are located near the centromere or 
proximal segment of chromosomes. Hansal (1961) suggested that 
chlorophyll mutations may be caused by a single point mutations or 
multimutations, which resulted in the segregation of various types of 
chlorophyll mutation in a single family. 
It was also reported by many scientists that chlorophyll development 
seems to be controlled by many genes located on several chromosomes, 
which could be adjacent to centomere and proximal segments of the 
chromosomes. 
6.5 Plant height 
The lower concentrations of DES (0.1 to 0.5%) in case of var. 
Avarodhi and 0.1 to 0.2% in case of var. Pusa-256 had enhancing effect 
on the height of plant in comparison to control. Further increase in 
concentration of DES had decreasing effect on the height of both the 
varieties. The effect of sodium azide on the height of plants in both the 
varieties was not similar. In this case increasing concentration of SA had 
decreasing effect on plant height. 
Lai (1975) while working on gamma-rays induced genetic variability 
in rice {Oryza sativa) reported moderate to substantial changes in height 
of the plants. The reduction in average plant height was reported by Goud 
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(1968) in ragi, Vagera (1971), Rajput (1974) in mungbean, Sharma and 
Sharma (1984) in lentil. Khan and Siddiqui (1988) etc. In contrary to 
this, Ismail et al. (1977) reported a slight increase in plant height with 
lower concentrations of EMS in broad bean.In the present observation 
the lower concentrations of DES showed the prominent effect on the height 
of plants in comparison to control. It seems that lower concentrations of 
the DES has caused low toxicity and might have acted as growth regulators 
to enhance the height of plant over control. The higher concentrations of 
DES had decreasing effect on the plant height. This may be due to uneven 
damage of the meristematic cells as a consequence of genetic injuries, 
changes in chromosomes and inhibition of cell division. Sodium azide is 
respiratory inhibitor and might have caused cellular damage with increasing 
concentration leading to growth retardation. Sparrow (1965) had concluded 
that the growth arises due to interference in cell elongation and inhibition 
or impaired mitosis could be the reasons for reduced growth. Since shoot 
growth is due to cell elongation whereas the root growth depends on cell 
division (Sinha and Godward, 1972). Therefore, the reduction in growth 
of plant might have occurred due to inhibitory effect of DES and SA on 
growth regulating substances responsible for cell elongation and cell 
division. 
Terar and Dnyansagar (1979) reported that decrease in growth of 
plant may be due to reduction in auxin synthesis. Khan and Rizvi (1989b) 
reported that decrease in height of plants may be due to inhibitory effect 
of mutagens which increased with increasing concentrations or to the 
delayed onset of growth following of germination delay. 
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It was supposed that mutagens affected the normal metabolic and 
physiological functioning of the plant, which might have created the 
various types of irregularities in plant physiology and metabolism. Sodium 
azide may inhibit energy system resulting in the inhibition of mitosis that 
could be related to reduced seedling growth. 
6.6. Number of branches per plant, days to flowering 
and number of flowers per plant 
The observations revealed that the lower concentrations of DES 
had enhancing effect on number of branches per plant, number of flowers 
per plant and days to flowering in vars. Pusa-256 and Avarodhi while 
higher concentrations of DES had decreasing effect on these parameters. 
In case of sodium azide treatment, the increasing concentrations of this 
mutagen had decreasing effect on the above mentioned parameters in both 
the varieties of chickpea. Similar observations were reported by Ramakanth 
et al. (1977) in Dolichos lablab, Laximi and Gupta (1983), Sharma and 
Sharma (1984) in lentil. Khan and Rizvi (1989b) in Phaseolus mungo, 
Kaul (1980a) reported that the mutation of two dominant genes in their 
recessive forms caused an early flowering. 
It was reported by Swaminathan (1969), Singh and Chaturvedi 
(1982) that early flowering, higher number of branches and higher number 
of flowers per plant have positive response with respect to yield of crop. 
6.7 Days to pod formation, number of pods per 
plants, and pod length 
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In the present investigation it found days to pod formation, number 
of pods per plants and pod size had positive correlations with the lower 
concentrations of DES in both the varieties of chickpea, while higher 
concentrations showed negative relationships with the above characters. 
Similar results were obtained by Singh et al. (1980), Verma and 
Singh (1984), Pande and Raghuvanshi (1988), Singh and Yadav (1991) 
and Singh (1996) in mung and urdbeans by using radiations and chemical 
mutagens alone or in combinations. Singh and Chaturvedi (1982) also 
reported large number of pods per plant and long pod mutants in Pusa 
Baesakhi and isolated 5-8 varities from 40kR gamma irradiated seeds. 
Khan and Rizvi (1989b) observed the increased number of pods per plant 
and decreased pod length by using SA treatment. The possible causes for 
changes in days to pod formation, number of pod per plants and pod length 
in the present investigation may be due to gene mutations, chromosomal 
aberrations, small deficiencies or duplications, translocation and inversion. 
6.8 100-seed weight and yield 
The present finding indicated that lower concentrations of DES were 
effective in increasing 100-seed weight and yield in both varieties while 
higher doses caused significant decrease in 100-seed weight and yield in 
both varieties. However, SA treatment had negative correlation with these 
characters. 
Increase in the yield was reported by Mallaiah et al. (1990). The 
most reliable source of measuring the yield ability in pulses in the character 
of 100-seed weight while several other workers such as Miah et al. (1971) 
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and Jana and Roy (1971) in rice have reported a decrease in 100-grain 
weight of the plants and concluded that decrease was due to induced 
mutations. Swaminathan (1973) suggested that the increase in yield of 
pulses could be achieved by enhancing the pod number. Singh and Malhotra 
(1970) suggested that pod number per plant was one of the most important 
component of yield in green gram. Prasad (1976) suggested that variation 
in pod number per plant could be brought about by induced mutations. 
Sharma and Khan (1996) reported that most of the major breakthrough in 
yield potential was made through the exploitation of major genes 
controlling qualitative traits. 
Singh et al. (1985) pointed out that pods per plant, seeds per pod, 
seed weight were the main yield components having direct effect on yield, 
while indirect effects were contributed by number of branches per plant, 
plant height, days to flowering and pods per plant. Golubovskaya (1979), 
Sapre and Deshpande (1987), Kaul (1990), Pagliami et al. (1992) opined 
that the convergent spindles, cytomixis and chromosome stickiness were 
also phenomena considered to be responsible for pollen sterility leading 
to low seed production. 
6.9 Pollen fertility 
In the present experiment the data revealed that the lower doses of 
DES (0.1 to 0.4 %) had number significant effect on the pollen fertility 
but further increase in DES concentration had decreased the pollen fertility 
significantly in both the varieties while increasing concentrations of SA 
had significantly decreased the percentage of pollen fertility. 
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Similar observations were reported by Sparrow et al. (1942) in 
Antirrhinum majus, Bouhermont (1961) in Crotalaria goreensis and 
Shambhulingappa ei al. (1965) in Trigonella foenum- graecum. 
Nirmala and Kaul (1993) reported complete microspore abortion 
due to meiotic abnormalities induced by gamma-rays. Haga (1943) noted 
complete pollen sterility in Lilum with a ring of four and ten bivalents 
and suggested that the effect of chemical mutagen on fertility may be due 
to the gross-structural changes and other meiotic disturbances. Thus 
various chromosomal abnormalities like bridges, laggards, translocations 
lead to decreased pollen fertility. Levan (1941), Gottschalk (11970), Omera 
(1976), Sarvella (1958) reported that pollen sterility was due to 
consequences of cytomixis. Biswas and Bhattacharya (1972) reported that 
pollen sterility was due to genetically controlled physiological factors in 
Glycine max and it was found that complete pollen sterility had been caused 
due to formation of unbalanced microspores as a result of irregular 
distribution of chromosomes during anaphase. Burnham (1956) had 
suggested that heterozygous translocation causing reduction in fertility 
depends on the frequency of multiple association of the interchange during 
the meiotic process, manner of orientation on the metaphase-plate and 
incidence of crossing-over in the interstitial segments. Gaul (1964) and 
Ramanna (1914) suggested that pollen sterility, may be due to interchange 
bet chromosomes and deviation from the normal courses of karyokinesis 
or cytokinesis. Dyansagar and Sudhakaran (1970), Magoon et at. (1957-
58), Pillai (1978) and Shambulingappa et. al. (1970) suggested that in 
addition to meiotic abnormalities, some genetic, physiological and 
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environmental factors appeared to be implicated in the reduction of pollen 
fertility. 
Katiyar (1978) found that induced pollen sterility was dependent 
on invariably higher than the concurrent meiotic abnormality. 
6.10 Meiotic abnormalities 
The present finding indicated that the DES and SA treated population 
of var, Avarodhi and var. Pusa-256 of chickpea showed various types of 
meiotic irregularities such as chromosome clumping, univalents, trivalents, 
tetravalent , hexavalent , fragments, precaucious separation of 
chromosomes and polar metaphase-1, laggard, unequal distribution of 
chromosomes at anaphase-I non- orientation of chromosomes and also 
tripolar condition at A-2, micronuclei at T-1 and T-2. The cells showing 
these abnormalities increased gradually with increase in concentration of 
DES and SA in both the varieties. 
6.10.1 Stickiness 
In the present investigation, the stickiness of chromosomes was 
found at prophase-I, M-I, A-I and the frequency of stickiness increased 
with increase in concentration of DES and SA in both the varieties 
Avarodhi and Pusa-256. 
Sinha and Godward (1970) in Lens culinaris, Jane et al. (1974) in 
L. esculenta, Katiyar and Roy (1974, 1976) in Luffa cylindrica and L. 
aeutangula found same type of abnormalities using radiation. 
Sato and Goul (1967) on barley and Beadle (1932) in maize and 
Terar and Dnyansagar(1980) in Turnera ulmifolia recorded stickiness of 
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chromosomes using chemical mutages and Darlington and La Cour (1945) 
observed stickiness in irradiated plants of Allium and Trillium and 
suggested that stickiness of chromosomes at metaphase-1 and anaphase-1 
was due to a reduction of polymerized nucleic acid on the chromosomes 
producing characteristic errors of spiralization, which combined with super 
imposed excess of non-polymerized nucleic-acid. Rao and Laxhmi (1980) 
reported that the stickiness could be due to disturbances in cytochemically 
balanced reactions due to the effect of alkylating agents. Sharma (1955, 
1956) in different strains of Cicer arietinum L., Kaufmann et al. (1955) 
and Evans (1962) reported that stickiness may be due to result of partial 
dissociation of nucleo-protein and alteration in their pattern of organization 
respectively. Jayabalam and Rao (1987), McKill et al. (1974) and 
Klasterska et al. (1976) suggested that the stickiness at meiosis was due 
to the disturbances in cytochemically balanced reaction or due to improper 
folding of chromosome fibre, respectively. Liang et al. (1969). Amer 
(1973), Amer and Ali (1974), Reddy and Rao (1978), and Beadle (1932) 
reported that stickiness is a common physiological phenomenon or may 
be caused due to structural changes induced by hormonal spray. El-sadek 
(1972) and Tomkins and Grant (1972) explained that stickiness is 
prominent, it was generally recorded as physiological and unspecific 
disturbances and has been attributed to an action on the proteins of 
chromosomes. 
Terar and Dnyansagar (1980) treated the seeds of Turnera and 
observed high degree of stickiness loosing the identity of chromosomes 
in pollen mother cell. They reported that the stickiness of the chromosomes 
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might be due to depolymerization of the nucleic acid caused by mutagenic 
treatments. 
6.10.2 Univalents 
In the present investigations, the univalents were found at diakinesis 
and metaphase-1. The frequency of univalents was gradually increased 
with increase in concentrations of both mutagens (DES and SA) in both 
the varieties of chickpea. The percentage of PMCs showing univalents 
was higher in var. Avarodhi treated with DES (i.e. 5.19% in 1.0% DES 
concentrations). 
The univalents were reported by Kalloo (1972) in Pisum and Gupta 
and Roy (1985) in Physalis at diakinesis and metaphase-1. Similar 
abnormality was also reported by Swaminathan et al. (1962) Gonzalez-
Jean et al. (1985) and Morgan (1950). 
Many scientists (White, 1973a ; Singh and Gupta, 1981 ; Bose and 
Bose, 1972 ; Amer and Farah, 1980 ; Amer and AH, 1968 ) had attributed 
the occurrence of univalents at diakinesis and at metaphase-1 in the 
mutants to chiasma failure. Therefore, the occurence of univalents may 
be due to desynapsis or due to some disturbance during paring of 
homologous chromosomes or due to the weak synapsis in chromosome 
pairs. 
Singh and Roy (1986) suggested that presence of univalents might 
be due to the precocious terminalization of rod bivalent or due to early 
disjunction. 
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6.10.3 Multivalents 
Chain and ring multivalents like trivalent, tetravalents, hexavalents 
were found in the present investigations and the frequencies of these 
multivalents had positive linear relationship with doses of DES and SA in 
both the veurieties. 
Similar findings were reported by Sinha and Godward (1972) in 
Lens culinaris, Reddy and Annadurai (1992) in Lens culinaris, Redley 
and Law (1965) in amplified of wheat, Dawson (1941) Wernsonan et al. 
(1964) and Sudhakaran (1961) in Vinca rosea. 
Kalloo and Das (1971) reported that a chain of four may be formed 
due to failure of crossing over and chiasma formation and also chain 
multivalents has been attributed to complete terminalization of chiasma 
at one end of the cross-shaped configuration during pachytene. 
The ring multivalents were found when the interchanged parts of the 
chromosomes were long and cross-over occurred in each of the arms of 
the chromosomes were long Stebbins (1950) stated that quadrivalent 
formation in L. corniculatus was due to the presence of chromosomes 
containing both homologous and homeologous segments. The occasional 
presence of multivalents in low frequency may be partly or entirely, due 
to association of chromosomes contributed by the same parent. Burnham 
(1956) and Burnham and Hagberg (1956) were of the opinion that ring 
and chain multivalents were the indications of heterozygous translocation, 
which may appear due to unequal length of the translocated segments and 
the no. and positions of chiasmata. The chromosomal translocation might 
have occurred possibly due to disturbances in the physiological 
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environment of the treated plant treated by the chemical mutagens. 
Terar and Dyansagar (1980) reported the multivalent association of 
chromosomes in Ternera ulmifolia raised from seeds treated with EMS. 
Various workers (Bora et al. 1961, in Arachis hypogea ; Shastri and 
Ramaya, 1961 in Oryza sativa ; Prasad and Godward, 1968 in Phalaris 
eanariensis) have reported the presence of multivalents in PMCs of the 
plants obtained from irradiated seeds and they had attributed multivalents 
to the reciprocal translocation. 
According to White (1973a) and Singh and Gupta (1987) the meiotic 
irregularity consisting of formation of trivalents indicated that there was 
segmental similarities between more than two chromosomes of each group 
and genetic mechanism yet to control synaptic attractions between distantly 
homeologous segments. 
6.10.4 Bridges 
The chromatin bridges with or without fragments were found at A-
1 and at A-2 in both the varieties of Cicer arietinum treatment with various 
concentrations of DES and SA. The frequency of bridges was found to 
increase with increase in concentration of the mutagens. The percentage 
of PMCs showing bridges at anaphase-I was higher in var. Pusa-256 treated 
with DES. 
Similar type of observations were reported by Amer and Ali (1974), 
Amer and Farah (1985), Reddy and Rao (1978), Ahmad and Yasmin 
(1992), Lai (1978) and Devdas et a/. (1986) after irradiation or chemical 
treatment. 
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Sparrow (1961) reported that a bridge was formed when two 
centromeres bearing chromosome fragments were fused and bridge and 
fragment at anaphase might be due to spontaneous breakage and reunion 
of chromatids during meiotic prophase Lewis and John (1965) reported 
that irregular crossing over resulted in the formation of bridges and 
fragment. Al-Najjar and Soliman (1980) and Abraham and Koshy (1979) 
reported that the chromosomal bridges may be due to the chromosomal 
stickiness and subsequent failure of free anaphase separation or may be 
due to unequal translocation or inversion of chromosome segments and 
also a chromosome bridge with fragments at anaphase-I may be formed 
due to non-sister chromatids of homologous or non homologous 
chromosome break and the proximal broken ends reunite in u-shape. 
Davidson (1957) reported that bridges at anaphase-telophase might be 
due to exchange between chromosomes or chromatids. In general , U-
shape exchange between sister chromatids leads to a bridge and fragment 
at anaphase-II. Jones (1968) reported that x-type crossing over and chiasma 
formation nay lead to the formation of bridge and fragment. It was 
suggested by many workers, that the presence of bridge was often 
associated with minute acentric fragment (inversion). Gaul (1964) and 
Konzak et al. (1961) reported that the anaphasic bridge was due to the 
fusion between two centromere bearing chromosome fragments or most 
likely due to inversion induced by chemicals. 
Tomkins and Grant (1972), Grant (1978) reported that breaking of 
chromosomes followed by proximal chromatids reunion resulted in 
dicentric anaphasic bridges. 
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Terar and Dyansagar (1980) explained the common occurrence of 
chromosomal bridges at A-1 due to paracentric inversion. In the present 
investigation, absence of fragment with the bridges may be due to the 
fragment getting entangled or attached with normal chromatids of 
chromosomes. The bridges might have been formed as a result of non-
separation of chiasmata due to the stickiness resulting from disturbance 
at the cytochemical level caused by the secondary effect of DES and SA. 
6.10.5 Non-orientation of chromosomes and polar 
metaphases 
The non-orientation of chromosomes at M-I, A-I, A-Il and polar 
metaphases were dose dependent and were found in very low frequency 
in the present study. Similar observations were reported by Kalloo (1972) 
in Pisum, Gupta and Roy (1985) in Physalis and Lai (1978) in Pennisetum 
typhoides. 
Chang (1970) and Vesco and Colombo (1970) reported that the 
chemical mutagens could be responsible for the disruption of microtubules 
causing Y and X types of configurations at metaphase that produced 
disorientation of chromosomes at M-I, A-I and A-II. Thus, it was suggested 
that non-orientations of chromosomes was either due to the inhibition of 
spindle formation or due to the destruction of spindle fibres formed. 
The non-orientation of univalents may be due to disturbances during 
synapsis of homologous chromosomes caused by chromosome breakage 
in pollen mother cells treated with the mutagens. Non-orientation of 
bivalents at metaphase may be due to hindrance in their movement. Such 
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phenomenon was also observed by Amer and Ali (1968 and 1974) in Vicia 
faba treated with some herbicides. 
6.10.6 Laggards at A-I and A-II 
In the present study, laggards were found at A-I and A-II in both 
the varieties of chickpea treated with DES and SA. However, laggards 
were not observed in var. Pusa-256 treated with DES. The occurrence of 
laggards in treated populations showed positive correlation with increasing 
concentrations of mutagens. 
Similar observations were reported by Lai (1978), Amer and Ali (1968), 
Badr(1983a,b), Sjodin(1970), Srivastava (1974), Sahu e/a/. (1981) and 
Gottschalk and Baquar (1971). 
Wolff (1963), Wuu and Grant (1966) reported that laggards might 
be due to the major interaction of the insecticides similar to the chemical 
mutagens with the proteins of the spindle apparatus and the proteins which 
form an integral part of the chromosomes in the cells. Lea (1955), Kaur 
and Grover (1985), and Jayabalan and Rao (1986) reported that the 
occurrence of laggards at A-I and A-II were due to delayed terminalization, 
stickiness of chromosome ends or because of failure of chromosome 
movement or due to ionisation within the chromosomal threads. 
Kenton (1984) observed lagging chromosomes in Gibases lineares 
suggested that they were due to abnormal disjunction in some of the 
chromosomes. Tarar and Dhyansagar (1980) reported that, unsynchronised 
bivalents or laggards might be due to the discrepancies in spindle 
formation. 
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6.10.7 Unequal distribution of the chromosomes 
In the present study, the frequency of unequal distribution of 
chromosome at A-1 was dose dependent in both the treated varieties. 
Reiger (1976), Baquor and Akhtar (1968), Wallters (1950) and Lai (1978) 
reported similar observations in their investigations. Amer and Ali (1968 
and 1974), and Amer and Farah (1974) reported that occurrence of irregular 
separation of chromosome at A-1 might be due to the disturbed spindle 
apparatus and irregular speed of chromosomes all over the cell. 
6.10.8 Tripolar condition 
In the present study, the tripolar arrangement of chromosomes with 
or without laggard at A-II and T-II was found var. Avarodhi treated with 
DES and SA but in var. Pusa-256 treated with DES and SA tripolar 
arrangement of chromosomes was seen at A-II only. The higher frequency 
of tripolar arrangement of chromosome at T-II was found in var. Avarodhi 
treated with DES. The frequency of tripolar condition at A-II and T-II 
was gradually increased with increasing concentration of mutagens. 
Chang (1970),Vesco and Colombo (1970) Badr (1983) and Liang et al. 
(1967) recorded same type of abnormality at A-II and T-II. Amer and Ali 
(1968) reported that tripolar arrangement of chromosomes might be due 
to the inhibition of spindle formation or disturbances in the spindle 
formation. Vesco and Colombo (1970) reported that the disorientation 
might produce tripolar anphases. 
6.10.9 Micronuclii 
The micronuclei in the present case were found at T-I, T-II and 
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Tetrad stages. The frequency of micronuclei in treated populations of both 
varieties had linear relationship with increasing concentration of DES and 
SA. 
The micronuclei were reported by Liang et al. (1969), Amer and 
Ali (1974), Reddy and Rao (1978), Navak and Betlach (1970), Amer and 
Farah (1980,1993). Sparrow and Singleton (1953) mentioned that 
micronuclei at T-I and T-II were found due to the chromosome 
fragmentation. Auerbach (1962) also reported that some lagging 
chromosomes might have gradually clumped to form micronuclei and 
supposed that the occurrence of micronuclei was indication of true 
mutagenic effects. Lea (1956) also reported that broken parts of 
chromosomes might be inczu-porated in micronuclei. 
6.10.10 Cytomixis 
In the present investigations, the cytomixis was found between the 
PMCs at different stages of division in both the varieties treated with 
mutagens DES and SA. Cytomixis was not seen in var. Avarodhi treated 
with SA. The frequency of cytomixis was higher in var. Avarodhi treated 
with DES. The maximum frequency of cells showing cytomixis was 6.99% 
var. Avrodhi treated with 1.0-% concentrations of DES. 
Similar observations were recorded by Sarvella (1958), Heslop-
Harrisen (1966), De Nethan Court and Grant (1964), Wood worth (1931). 
Although cytomixis affected cells mainly at early prophase, PMCs 
with different chromosome number were not observed at metaphase-1 
suggesting that meiocytes which had suffered cytomixis at early stages 
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underwent degeneration. 
The causes and the significances of cytomixis are still'controversial 
and under debate. Some authors namely De Nettancourt and Grant (1964), 
Heslop-Harrison (1966), Woodworth (1931) have considered cytomixis 
as an artefact effect of fixatives or mechanical injury, although others 
proposed it to be a phenomenon of natural occurrence. Among the latter, 
Morisset (1978), Narain (1979) reported that cytomixis was as a 
consequences of physiological and environmental stress while Levan 
(1941), Gottschalk (1970), Nirmala and Kaul (1994), Sarvella (1958) 
reported that cytomixis was due to genetically unbalanced systems or due 
to desynapsis. Various explanation have been extended to explain the 
process of cytomixis. 
Lakshmi and Bapa Rao (1978) have reported cytomixis in chillies 
reported that spontaneous polyploids originated through the process of 
cytomixis. 
In the present case the cytomixis may be due to genetic disturbances 
caused by gene mutation and / or chromosome aberrations. 
6.10.11 Tetrads 
The abnormalities like triads, pentads and hexads at tetrad stage 
were found in both the treated varieties of chickpea. These abnormalities 
were dose depended. The aberrant tetrads were reported by Patil (1992) 
in Crotalaria linifolia, Pagliarni (1990 a) in Aptenia cordifolia and 
Pagliarni (1990 b) in Thumbergia mysorensis etc. 
Nath and Nelson (1961) reported that the formation of aberrant 
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spores i.e., diad, triad, pented, hexad might be due to unequal segregation 
of chromosomes at telophase - 2 or due to the failure of cytokinesis at last 
premeiotic division. Somasekhar et al. (1984) reported that occurrence of 
abnormal spores was due to errors in the cleavage of cytoplasm or due to 
spindle abnormalities. 
6.10.12 Multi nucleolate condition 
In the present investigations, multi-nucleolate condition was found 
in low frequencies at diakinesis in varieties Avarodhi and Pusa-256 treated 
with DES and SA separately. Multinucleolate condition was recorded by 
Reese e/ a/. (1981), De Barsy et al. (1974), Johnson (1969), Galan - Cano 
etal. (1975). 
The occurance of multinucleoli was explained on the basis of 
prevalence of hybridity in the species by several workers : Levin and Levy 
(1971), Levin (1973) in P/j/oA:/7/7o5a complex and Vermaand Rana(1981) 
in Crotalaria agatiflora. Relationship between change in environment and 
the nucleoli was reported by Kaul (1965), Mc Clintock (1934), Lin (1965), 
Levis and Jone (1970) considered that secondary constriction and the 
centromere multiple structure and when a break occured across a secondary 
constriction, the two subunits functioned normally and synthesized 
nucleoli. It has also been suggested by several workers (Burnhan, 1980, 
Fishburg and Waooace,1960 in Wu and Pi (1968) in Sorgham and Sybanga 
(1972) in Rye) that many loci are capable of organizing tiny nucleoli in 
the absence of perceivable nucleolar organizer in the complement. These 
latent loci get activated to synthesize nucleoli. 
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In the present case multinucleolar condition was mot found in 
control plants but it was observed only in the treated populations. All the 
plants were kept in the same environmental condition. Therefore, role of 
environment in inducing multinucleolar condition Was not expected. Both 
the varieties used in the experiment were tested in broad stocks therefore, 
the role of hybridity for the occurrence of multinucleolar conditions out 
of question. Occurrence of multinucleolar conditions in the present case 
nay be due to certain gene mutation / mutations, which may be responsible 
for suppression of nucleolar organizing region or breakage of secondary 
constricted region. In both the conditions, there will be the formation of 
multinucleoli. 
6.10.13 Non-synchronization 
The non-synchronization at A-II was found in the var. Pusa-256 
treated with DES and SA. The frequency of this abnormality was greater 
in the population treated with SA as compare to that in DES treated 
population of Pusa-256. 
Synchronization in chromosome development within PMCs during 
prophase condensation is generally equal and constant in control plants. 
The non-synchronization has been induced experimentally in plants like 
Lolium. Jain (1967) in Wheat and Rana (1965) following high temperature 
treatment. This phenomenon has been explained by Jain (1967) due to 
failure of DNA to concentrate in all the chromosome simultaneously 
prophase condensation leading to non-synchronization. Jain (1957, 1958 
and 1964) and Rana and Jain (1962) believed that DNA synthesis should 
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be completed during interphase and any anomaly during DNA synthesis 
may lead to non-synchronizat ion in the chromosomes. Non-
synchronization has been reported in Avena by Holden and Mata (1956) 
who had reported that non-synchronization was due to lack of nucleolar 
activity which governs DNA synthesis of the chromosomes. Rees (1958, 
1961) gave opined that non-synchronization is a genetically controlled 
phenomenon. 
Amer (1973), Kulik (1977) reported non-synchronization at 
anaphase-II by using vitavax-200 and Dithane-560 which at resembled to 
other chemical mutagens in in their action and suggested that 
asynchronization was due to the chromosomal stickiness. 
In the present investigation the non-synchronization of the 
chromosomes may be actributed to chromosomal stickiness and inhibition 
of chromosome condensation caused by mutagents process at prophase-I, 
which become apparent at second part of meiosis. 
6.10.14 Precocious separation of the chromosomes 
The precocious separation of chromosomes at M-I in the 
populations of both the varieties treated with different concentrations 
DES and SA. It was found to have positive correlation with the increasing 
concentration of mutagens. 
Precocious separation of some bivalents at metaphase-I was found 
by Patil and Rana (1961) in Arachis hypogea raised from x-ray treated 
seeds and Subramaniam and Thilaganadj (1944) in Filer innoluczate, 
Pellionec repons, Poufolzia Wightii, P.banneti and P.zeylamier. The 
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precocious separation of chromosomes at M-1 in the present investigation 
may be due to early separation of the chromosomes of the bivalent and 
early movement of these univalents toward the particular poles where as 
the partners of other bivalent did not separate and move so early. The 
reason for early separation of chromosomes from a bivalent may be the loose 
pairing of chromosomes and as absence or early terminalization of chiasmata 
between two chromosomes where the homology was disturbed due to mutagenic 
effect of DES and sodium azide. 
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SUMMARY AND CONCLUSION 
The present investigation deals with the morphological and 
cytological studies of Cicer arietinum L. vars. Avarodhi and Pusa-256 
treated with DES and SA. The control plants showed normal 
cytomorphological characters while the treated populations showed various 
types of abnormalities in seed germination, height of plants, number of 
pods per plant and meiotic abnormalities such as univalents, multivalents, 
microinuclei, laggards, bridges, non-disjunction, stickiness etc. The effects 
of DES and SA on cytomorphological characters of two varieties of 
chickpea namely Pusa-256 and Avarodhi was studied and summarised as 
follows: 
1. A brief introduction regarding chickpea {Cicer arietinum L.) var. 
Avarodhi and Pusa-256, its economic importance and mutagens SA 
and DES have been given. 
2. Materials and methods used in present programme of work have 
been explained 
3. Effect of DES and SA on the Cicer arietinum L. var. Avarodhi and 
Pusa-256 was studied and LD-50 dose was determined and it was 
found that effect of SA on seed germination in both the varieties 
was more severe than that of DES. 
4. The lower doses of DES exhibited stimulatory effect on certain 
parameters such as seed germination, plant height, number of 
branches per plant, days to flowering, number of flowers per plant, 
days to fruiting, number of pods per plants and number of seeds 
per plants while the higher doses caused reducing effect on certain 
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morphological characters in both the varieties of chickpea. However, 
SA showed reducing effect on morphological characters of both 
the varieties. It was found that var. Pusa-256 was more sensitive to 
DES and SA in comparison to var., Avarodhi. 
5. Chlorophyll mutants (Chlorina and xantha) were found in Ml 
generation in both the varieties treated with DES. Chlorophyll 
mutation (Chlorina) was also observed in SA treated populations 
of var. pusa - 256 
6. Morphological veiriations induced by DES and SA in both the 
varieties were recorded and it was found that DES was more 
effective in inducing the variations in both the varieties in 
comparison to sodium azide. 
7. Pollen sterility in both the varieties showed positive correlation with 
increasing concentrations of DES and SA. 
8. The frequency of various types of meiotic abnormalities in both 
the varieties treated with DES and SA was found to increase with 
increasing concentration of mutagens i.e. there was positive 
correlation of meiotic abnormalities with increasing doses of DES 
and SA. 
9. The results obtained in the present investigation have been discussed 
in the light of earlier investigations. 
10. Statistical analyses of cyto-morphological characters were carried 
out to find out the extent of variation induced by mutagens in 
comparison to control. 
11. The earlier works done by various workers on chikpea have been 
reviewed and present in review of literature. 
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